
(12) United States Patent 
Berkowitz et al. 

US009142994B2 

(10) Patent No.: US 9,142,994 B2 
(45) Date of Patent: Sep. 22, 2015 

(54) METHOD AND CIRCUITRY TO ADAPTIVELY 
CHARGEA BATTERYACELL 

(71) Applicant: Qnovo Inc., Newark, CA (US) 

(72) Inventors: Fred Berkowitz, Los Gatos, CA (US); 
Dania Ghantous, Walnut Creek, CA 
(US); Nadim Maluf, Los Altos, CA 
(US); Christina Peabody, Fremont, CA 
(US) 

(73) Assignee: Qnovo, Inc., Newark, CA (US) 

(*) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 375 days. 

(21) Appl. No.: 13/626,605 

(22) Filed: Sep. 25, 2012 

(65) Prior Publication Data 

US 2014/0084846A1 Mar. 27, 2014 

(51) Int. Cl. 
H02. 7/00 (2006.01) 

(52) U.S. Cl. 
CPC ............. H02J 7/0093 (2013.01); H02J 7/0073 

(2013.01) 
(58) Field of Classification Search 

CPC .......... H02J 7/00; H02J 7/0042; H02J 7/0073 
USPC .......................................... 320/107, 118, 128 
See application file for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,829,225 A 5/1989 Podrazhansky et al. 
5,410,238 A 4/1995 Ishizuka et al. 
5,684,386 A 11, 1997 Okada 
5,808.447 A 9/1998 Hagino 

Charging 
Circuitry 

12 

Battery/Cell Monitoring Circuitry 

5,888,665 A 3/1999 Bugga et al. 
5,905,364 A 5, 1999 OOkita 
5,982,152 A 11/1999 Watanabe et al. 
6,040,685 A 3/2000 Tsenter et al. 
6,043,631 A 3/2000 Tsenter 
6,074,771 A 6/2000 Cobukcu et al. 
6,094,033. A 7/2000 Ding et al. 
6,097,172 A 8/2000 Podrazhansky et al. 
6,127,804 A 10/2000 Oglesbee et al. 
6,127.809 A 10/2000 Kates et al. 
6,137,265 A 10/2000 Cummings et al. 

(Continued) 

FOREIGN PATENT DOCUMENTS 

EP O1912 163 3, 2001 
WO WOOOf 13288 3, 2000 

(Continued) 
OTHER PUBLICATIONS 

U.S. Appl. No. 61/044, 160, Apr. 2008, Greening et al. 
(Continued) 

Primary Examiner — Mohammed Alam 
(74) Attorney, Agent, or Firm — Weaver Austin Villeneuve 
& Sampson LLP 

(57) ABSTRACT 

The present inventions, in one aspect, are directed to tech 
niques and/or circuitry to applying a charge pulse to the 
terminals of the battery during a charging operation, measure 
a plurality of voltages of the battery which are in response to 
the first charge pulse, determine a charge pulse Voltage (CPV) 
of the battery, wherein the charge pulse Voltage is a peak 
Voltage which is in response to the first charge pulse, deter 
mine whether the CPV of the battery is within a predeter 
mined range or greater than a predetermined upper limit value 
and adapt one or more characteristics of a charge packet if the 
CPV is outside the predetermined range or is greater than a 
predetermined upper limit value. 
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METHOD AND CIRCUITRY TO ADAPTIVELY 
CHARGE ABATTERYACELL 

INTRODUCTION 

The present inventions relate to methods and circuitry to 
adaptively charge a battery/cell. In particular, in one aspect, 
the present inventions are directed to techniques and/or cir 
cuitry to adaptively charge a battery/cell using data which is 
representative of a charge pulse Voltage (CPV) or a change in 
the CPV. The CPV may be characterized as (i) a peak voltage, 
measured at the terminals of the battery/cell, which is in 
response to a charge pulse and/or (ii) a Substantial peak volt 
age (i.e., within 5-10% of the peak voltage), measured at the 
terminals of the battery/cell, which is in response to a charge 
pulse. 

In one embodiment, the adaptive charging techniques and/ 
or circuitry uses and/or employs such data, in connection with 
certain constraints or requirements (that will be described 
below), to change, adjust, control and/or vary the charging 
current signal(s), including the characteristics thereof (in 
cluding, for example, shape of charge and/or discharge signal 
(if any), amplitude thereof, duration thereof, duty cycle 
thereof and/or rest period (if any)), applied to the terminals of 
the battery/cell. 

Notably, in certain embodiments, two considerations in 
connection with implementing adaptive charging circuitry 
and techniques include (i) minimizing and/or reducing total 
charging time of the battery/cell and (ii) maximizing and/or 
increasing cycle life of the battery/cell. Here, the adaptive 
charging circuitry according to certain aspects of the present 
inventions implement adaptive techniques which seek to (i) 
minimize and/or reduce total charging time of the battery/cell 
and (ii) maximize and/or increase the cycle life of the battery/ 
cell (by, for example, minimizing and/or reducing degrada 
tion mechanisms of the charging operation). 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the course of the detailed description to follow, reference 
will be made to the attached drawings. These drawings show 
different aspects of the present inventions and, where appro 
priate, reference numerals illustrating like structures, compo 
nents, materials and/or elements in different figures are 
labeled similarly. It is understood that various combinations 
of the structures, components, and/or elements, other than 
those specifically shown, are contemplated and are within the 
Scope of the present inventions. 

Moreover, there are many inventions described and illus 
trated herein. The present inventions are neither limited to any 
single aspect nor embodiment thereof, nor to any combina 
tions and/or permutations of Such aspects and/or embodi 
ments. Moreover, each of the aspects of the present inven 
tions, and/or embodiments thereof, may be employed alone 
or in combination with one or more of the other aspects of the 
present inventions and/or embodiments thereof. For the sake 
of brevity, certain permutations and combinations are not 
discussed and/or illustrated separately herein. 

FIGS. 1A-1C illustrate block diagram representations of 
exemplary adaptive charging circuitry in conjunction with a 
battery/cell, according to at least certain aspects of certain 
embodiments of the present inventions, wherein FIG. 1B 
includes discrete memory coupled to the control circuitry, and 
FIG. 1C illustrates circuitry external which accesses the 
memory to store one or more predetermined ranges employed 
by control circuitry in conjunction with adapting, adjusting 
and/or controlling one or more characteristics of the charge or 
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2 
current applied to or injected into the battery/cell so that a 
change in Voltage at the terminals of the battery/cell in 
response to Such charge or current is within a predetermined 
range and/or below a predetermined value during a charging 
or recharging sequence, operation or cycle; 

FIGS. 1D and 1E illustrate, in block diagram form, exem 
plary adaptive charging circuitry in conjunction with a bat 
tery/cell (which may include two terminals (for example, 
positive and negative terminals), according to at least certain 
aspects of certain embodiments of the present inventions, 
wherein in this embodiment, the charging circuitry may 
include Voltage source and/or current source, and the moni 
toring circuitry may include Voltage and/or current sensors 
(for example, a Voltmeter and/or a current meter); 

FIGS. 2A-2D illustrate exemplary waveforms illustrating a 
plurality of exemplary charging signals and discharging sig 
nals of an exemplary charging technique, wherein such charg 
ing signals may generally decrease according to a predeter 
mined rate and/or pattern (for example, asymptotically, 
linearly or quadratically) as the terminal Voltage of the bat 
tery/cell increases during a charging or recharging sequence, 
operation or cycle (see, FIGS. 2B and 2D); notably, a charg 
ing or recharging sequence, operation or cycle may include 
charging signals (which, in total, inject or apply charge into 
the battery/cell) and discharging signals (which, in total, 
remove charge from the battery/cell); 

FIGS. 3A-3N illustrate exemplary charge and/or discharge 
packets of the charging and discharging signals (which are 
exemplary illustrated in FIGS. 2A-2D), wherein such charge 
and discharge packets may include one or more charge pulses 
and one or more discharge pulses; notably, in one embodi 
ment, each charge signal of FIGS. 2A-2D may include a 
plurality of packets (for example, about 100 to about 50,000 
packets) and, in one embodiment, each packet may include a 
plurality of charge pulses, discharge pulses and rest periods; 
notably, the pulses may be any shape (for example, rectangu 
lar, triangle, sinusoidal or square); in one exemplary embodi 
ment, the charge and/or discharge pulses of the packet may 
include a temporal duration of between about 1 ms to about 
500 ms, and preferably less than 50 ms; moreover, as dis 
cussed in detail below, one, some or all of the characteristics 
of the charge and discharge pulses (for example, pulse ampli 
tude, pulse width? duration and pulse shape) are program 
mable and/or controllable via charging circuitry wherein the 
amplitude of the positive and/or negative pulses may vary 
within the packet (and are programmable and/or control 
lable), the duration and/or timing of the rest periods may vary 
within the packet (and are programmable and/or controllable) 
and/or, in addition, such pulses may be equally or unequally 
spaced within the packet; the combination of charging pulses, 
discharging pulses and rest periods may be repetitive and 
thereby forms a packet that may be repeated; all combinations 
or permutations of pulse, pulse characteristics, periods, pack 
ets and signal characteristics and configurations are intended 
to fall within the scope of the present inventions: 

FIGS. 4A and 4B illustrate the response of a battery/cell to 
a plurality of charge pulses of a charge cycle wherein one or 
more CPVs of the battery/cell (which are responsive to the 
charge pulses applied to the battery/cell) may be analyzed to 
determine whether to adjust, adapt, change and/or control one 
or more characteristics of the charge or current applied to or 
injected into the battery/cell during a charging or recharging 
sequence, operation or cycle; 

FIGS. 4C and 4D illustrate the response of a battery/cell to 
a plurality of sequential or non-sequential charge pulses of a 
charge cycle wherein a change in the CPVs of the battery/cell 
(wherein each CPV is associated with a charge pulse applied 
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to the battery/cell) may be analyzed to determine whether to 
adjust, adapt, change and/or control one or more characteris 
tics of the charge or current applied to or injected into the 
battery/cell during a charging or recharging sequence, opera 
tion or cycle 

FIGS. 5A, 5C and 5E are flowcharts of exemplary pro 
cesses of determining, adapting and/or controlling the char 
acteristics of a charging current based on or using a CPV of 
the battery/cell in response to a charge pulse (which, in one 
embodiment, may be included in a charge and/or discharge 
packet wherein such packets may include one or more charge 
pulses (and may also include one or more discharge pulses)), 
according to certain aspects of the present inventions; 
wherein the charging techniques and/or circuitry adapt, adjust 
and/or control one or more characteristics of the charge or 
current applied to or injected into the battery/cell so that CPV 
of the battery/cell in response to Subsequent charge packets is 
(i) less than a predetermined upper limit value and/or within 
a predetermined range during a charging or recharging 
sequence, operation orcycle (FIG.5A) and/or (ii) greater than 
a predetermined lower limit value and/or within a predeter 
mined range during a charging or recharging sequence, 
operation or cycle (FIG.5C) and/or (iii) less than a predeter 
mined upper limit value and greater than a predetermined 
lower limit value during a charging or recharging sequence, 
operation or cycle (FIG. 5E): 

FIGS. 5B, 5D and 5F are flowcharts of exemplary pro 
cesses of determining, adapting and/or controlling the char 
acteristics of a charging current based on or using a change in 
CPV of the battery/cell in response to a plurality of charge 
pulses (which, in one embodiment, may be included in a 
plurality of charge and/or discharge packets wherein such 
packets may include one or more charge pulses (and may also 
include one or more discharge pulses)), according to certain 
aspects of the present inventions; wherein the charging tech 
niques and/or circuitry adapt, adjust and/or control one or 
more characteristics of the charge or current applied to or 
injected into the battery/cell so that such change between two 
or more CPVs of the battery/cell, in response subsequent 
charge packets, is (i) less than a predetermined upper limit 
value and within a predetermined range (FIG. 5B), (ii) greater 
than a predetermined lower limit value and within a predeter 
mined range (FIG.5D), and/or (iii) less than a predetermined 
upper limit value and greater thana predetermined lower limit 
Value during a charging or recharging sequence, operation or 
cycle (FIG.5F); notably, the charge pulses may be sequential 
or non-sequential pulses of a charge cycle and/or contained in 
sequential or non-sequential charge or discharge packets; 

FIG. 6A illustrates an exemplary charge packet having a 
charge pulse which provides an exemplary terminal Voltage 
response of the battery/cell wherein a CPV of the battery/cell 
(which is responsive to the associated charge pulse) is greater 
than a predetermined upper limit value (V), wherein a CPV 
of the battery/cell (which may correlate to the end of the 
charge pulse and/or the peak of the change in the terminal 
Voltage due to the charge pulse) is greater than the predeter 
mined upper Voltage limit (V); notably, in one embodi 
ment, the charging circuitry, in response to instructions from 
the control circuitry, adjusts the amplitude of the charge pulse 
(and/or the length of the associated rest period) to decrease 
the responsive terminal voltage so that the CPV of the battery/ 
cell is within a predetermined range and/or less than a prede 
termined upper limit value during a charging or recharging 
sequence, operation or cycle; 

FIG. 6B illustrates an exemplary charge packet having a 
charge pulse which provides an exemplary terminal Voltage 
response of the battery/cell wherein a CPV of the battery/cell 
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4 
(which is responsive to the associated charge pulse) is less 
than a predetermined lower Voltage limit (V), wherein a 
CPV of the battery/cell (which may correlate to the end of the 
charge pulse and/or the peak of the change in the terminal 
Voltage due to the charge pulse) is less than a predetermined 
lower Voltage limit (V); notably, in one embodiment, the 
charging circuitry, in response to instructions from the control 
circuitry, adjusts the amplitude of the charge pulse (and/or the 
length of the associated rest period) to increase the responsive 
terminal voltage so that the CPV of the battery/cell is within 
a predetermined range and/or greater than a predetermined 
lower limit value during a charging or recharging sequence, 
operation or cycle; 

FIG. 7A illustrates an exemplary charge packet having a 
charge pulse including a charging period (T) followed 
by a rest period (T,) wherein the period of the charge packet 
is identified as T. according to certain aspects of the 
present inventions; an exemplary Voltage response of the 
battery/cell to such charge packet is illustrated whereina CPV 
is identified (which, in this embodiment correlates to a peak 
or substantial peak terminal voltage of the battery/cell); nota 
bly, as discussed in detail below, one, some or all of the 
characteristics of the charge pulses (for example, pulse ampli 
tude, pulse width? duration and pulse shape) are program 
mable and/or controllable via charging circuitry wherein the 
amplitude of the positive pulse may vary between packets 
(and are programmable and/or controllable), the duration 
and/or timing of the rest periods may vary within the packet 
(and are programmable and/or controllable) and/or, in addi 
tion, such pulses may be equally or unequally spaced between 
the packets; the combination of charging pulses and rest 
periods may be repetitive and thereby forms a packet that may 
be repeated; all combinations or permutations of pulse, pulse 
characteristics, periods, packets and signal characteristics 
and configurations are intended to fall within the scope of the 
present inventions; 

FIG. 7B illustrates an exemplary charge packet having a 
charge pulse (which injects charge into the battery/cell) and a 
discharge pulse (which removes charge from the battery/cell) 
wherein the charge pulse includes a charging period (T) 
and the discharge pulse includes a discharging period (T- 
charge), according to certain aspects of the present inventions; 
notably, in this exemplary charge packet, an intermediate rest 
period (T) is disposed between the charge and discharge 
pulses, and a rest period (T,) is disposed after the discharge 
pulse and before the next packet; an exemplary terminal Volt 
age response of the battery/cell to Such charge packet is 
illustrated whereina CPV is identified (which, in this embodi 
ment correlates to a peak or Substantial peak terminal Voltage 
of the battery/cell); notably, as discussed in detail below, one, 
Some or all of the characteristics of the charge pulses (for 
example, pulse amplitude, pulse width/duration and pulse 
shape) are programmable and/or controllable via charging 
circuitry wherein the amplitude of the positive and/or nega 
tive pulses may vary within the packet (and are programmable 
and/or controllable), the duration and/or timing of the rest 
periods may vary within the packet (and are programmable 
and/or controllable) and/or, in addition, such pulses may be 
equally or unequally spaced within the packet; the combina 
tion of charging pulses, discharging pulses and rest periods 
may be repetitive and thereby forms a packet that may be 
repeated; all combinations or permutations of pulse, pulse 
characteristics, periods, packets and signal characteristics 
and configurations are intended to fall within the scope of the 
present inventions; moreover, discharge packets may have 
similar characteristics as charge packets except, however, a 
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net charge is removed from the battery/cell; for the sake of 
brevity, the discussion/illustration with respect to discharge 
packet will not be repeated; 

FIGS. 8A-8E illustrate, in flowchart like form, adaptive 
charging techniques having one or more adaption loops 
wherein each adaption loop estimates, calculates, measures 
and/or determines one or more different parameters (for 
example, CPV and/or change in CPV); notably, the adapta 
tion loops may be implemented alone/separately or in com 
bination; all combinations or permutations thereof are 
intended to fall within the scope of the present inventions; a 
more detailed discussion of the second through Nth loop is set 
forth in application Ser. No. 13/366,352 “Method and Cir 
cuitry to Calculate the State of Charge of a Battery/Cell'. 
which is incorporated herein by reference; 

FIGS. 9A-9D illustrate exemplary parameters of the adap 
tion loops including, for example, (i) a first adaption loop 
based on CPV and/or change in CPV in response to one or 
more charge pulses (of one or more charge/discharge pack 
ets), (ii) a second adaption loop based on SOC of the battery/ 
cell and/or full relaxation time or overpotential, (iii) a third 
adaption loop based on SOH (or changes therein) of the 
battery/cell, and (iv) a fourth adaption loop based on the 
temperature of the battery/cell (notably, in this embodiment, 
the system includes a temperature sensor to provide data 
which is representative of the temperature of the battery/cell); 
a more detailed discussion of the second through 4th adaption 
loop is set forth in application Ser. No. 13/366,352, which as 
indicated above is incorporated by reference; 

FIGS. 10A-10D illustrate exemplary charge pulses having 
different shapes and pulse widths; all combinations or per 
mutations of charge pulse characteristics are intended to fall 
within the scope of the present inventions; and 

FIGS. 11A-11D illustrate exemplary discharge pulses hav 
ing different shapes and pulse widths; all combinations or 
permutations of discharge pulse characteristics are intended 
to fall within the scope of the present inventions: 

Again, there are many inventions described and illustrated 
herein. The present inventions are neither limited to any 
single aspect nor embodiment thereof, nor to any combina 
tions and/or permutations of Such aspects and/or embodi 
ments. Each of the aspects of the present inventions, and/or 
embodiments thereof, may be employed alone or in combi 
nation with one or more of the other aspects of the present 
inventions and/or embodiments thereof. For the sake of brev 
ity, many of those combinations and permutations are not 
discussed separately herein. 

DETAILED DESCRIPTION 

In a first aspect, the present inventions are directed to 
adaptive charging techniques and/or circuitry for a battery/ 
cell wherein the charging techniques and/or circuitry adapt, 
adjust and/or control one or more characteristics of the charge 
or current applied to or injected into the battery/cell so that the 
CPV of the battery, which is in response to a charge pulse, 
and/or the change in CPVs associated with two or more 
charge pulses is (i) less than a predetermined upper limit 
value, (ii) greater than a predetermined lower limit value 
and/or (iii) within a predetermined range (for example, less 
than a predetermined upper limit value and greater than a 
predetermined lower limit value) during a charging or 
recharging sequence, operation or cycle. As noted above, a 
CPV (charge pulse voltage) of the battery/cell may be char 
acterized as (i) a peak voltage, measured at the terminals of 
the battery/cell, which is in response to a charge pulse and/or 
(ii) a substantial peak voltage (i.e., within 5-10% of the peak 
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6 
voltage), measured at the terminals of the battery/cell, which 
is in response to a charge pulse. For example, where the 
charging techniques and/or circuitry apply charge packets, 
having one or more charge pulses, to the battery/cell during a 
charging sequence, cycle or operation, in one embodiment, 
the charging techniques and/or circuitry may adapt, adjust 
and/or control the amplitude and/or pulse width of the charge 
pulses applied to or injected into the battery/cell by subse 
quent packet(s) (for example, the immediately Subsequent 
packets) so that the CPV of the battery/cell and/or the change 
in CPVs of the battery/cell, in response to subsequent charge 
packet(s), is within a predetermined range, less than a prede 
termined upper limit value and/or less than a predetermined 
lower limit value. In one embodiment, the charging tech 
niques and/or circuitry adapt, adjust and/or control one or 
more characteristics of the charge or current applied to or 
injected into the battery/cell via adapting, adjusting and/or 
controlling the shape, amplitude and/or width of charge pulse 
(s) of the Subsequent packet(s). 

In another embodiment, the charging techniques and/or 
circuitry apply charge packets, having one or more charge 
pulses and one or more discharge pulses, to the battery/cell 
during a charging sequence, cycle or operation. In this 
embodiment, the charging techniques and/or circuitry may 
adapt, adjust and/or control one or more characteristics of the 
charge or current applied to or injected into the battery/cell 
(via the charge pulses) and/or one or more characteristics of 
the charge or current removed from the battery/cell (via the 
discharge pulses) so the CPV of the battery, which is in 
response to a Subsequent charge packet, and/or the change in 
CPVs associated with two or more Subsequent charge packets 
is (i) less than a predetermined upper limit value, (ii) greater 
than a predetermined lower limit value and/or (iii) within a 
predetermined range during charging or recharging sequence, 
operation or cycle. In this way, the CPV of the battery/cell, in 
response to Subsequent packets, satisfies one or more of the 
aforementioned criteria during the charging sequence, cycle 
or operation. For example, the adaptive charging techniques 
and/or circuitry of the present inventions may adapt, adjust 
and/or control shape, amplitude and/or width of charge pulse 
(s) and the shape, amplitude and/or width of discharge pulse 
(s) in a manner so that (i) a CPV of the battery/cell, (ii) a 
change in CPV of the battery/cell are within predetermined 
range during the charging sequence, cycle or operation. In 
addition thereto, or in lieu thereof, the adaptive charging 
techniques and/or circuitry of the present inventions may 
adapt, adjust and/or control shape, amplitude and/or width of 
charge pulse(s) and discharge pulse(s) in a manner that pro 
vides (i) a CPV of the battery/cell due to the charge pulse(s) of 
subsequent packet(s) and/or (ii) a change in CPV of the bat 
tery/cell between a plurality of charge pulse(s) of the packet 
to be is less than a predetermined upper limit value, greater 
than a predetermined lower limit value and/or within a pre 
determined range during charging or recharging sequence, 
operation or cycle. Thus, in those embodiments where the 
charge packet includes one or more charge and discharge 
pulses, the charging techniques and/or circuitry of the present 
inventions may adapt, adjust and/or control one or more char 
acteristics of the charge and/or discharge to control the CPV 
of the battery/cell in response to Subsequent packets. 

Notably, the charging techniques and/or circuitry may 
adapt, adjust and/or control the characteristics of the charge 
or current applied to or injected into the battery/cell based on 
or using an averaged response of the battery/cell in connec 
tion with (i) a plurality of pulses in the packet and/or (ii) a 
plurality of packets. For example, where the packets include 
a plurality of charge pulses and/or a plurality of discharge 
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pulses, the charging techniques and/or circuitry may employ 
an average change in CPV in connection with the plurality of 
charge pulses. In this embodiment, the charging techniques 
and/or circuitry of the present inventions may adapt, adjust 
and/or control the characteristics of the charge and discharge 
pulses applied to or injected into the battery/cell during Sub 
sequent packets based on or using an averaged CPV response 
of the battery/cell to plurality of charge pulses and/or a plu 
rality of discharge pulses. Thus, in one embodiment, the 
charging techniques and/or circuitry of the present inventions 
adapt, adjust and/or control the characteristics of one or more 
of the charge and/or discharge pulses (of Subsequent packets) 
applied to the battery/cell based on or using the CPV and/or 
change in CPV of the battery/cell averaged over a plurality of 
preceding packet (for example, the immediately preceding) is 
less than a predetermined upper limit value, greater than a 
predetermined lower limit value and/or within a predeter 
mined range during charging or recharging sequence, opera 
tion or cycle 

In another embodiment, the charging techniques and/or 
circuitry of the present inventions may adapt, adjust and/or 
control the amount of charge or current applied to or injected 
into the battery/cell by the packets so that the CPV of the 
battery/cell and/or change CPV of the battery/cell averaged 
over a plurality of charge packet meets the criteria described 
above. Here, the charging techniques and/or circuitry may 
adapt, adjust and/or control the characteristics of the charge 
applied to or injected into the battery/cell (via, for example, 
adapting, adjusting and/or controlling the shape, amplitude 
and/or width of charge pulse(s)) when an average CPV and/or 
change in CPV of the battery/cell in response to a plurality of 
charge packet is outside a predetermined range, less than a 
predetermined lower limit and/or greater than a predeter 
mined upper limit. 
The charging techniques and/or circuitry of the present 

inventions may employ any form of averaging. For example, 
the charging techniques and/or circuitry of the present inven 
tions may average mutually exclusive groups of packets. 
Alternatively, the charging techniques and/or circuitry may 
employ a “rolling average technique wherein the techniques 
and/or circuitry determine or calculate a “new” average CPV 
as a change in Voltage at the terminals of the battery/cell, in 
response to a charge packet. 
The adaptive charging techniques and/or circuitry of the 

present inventions may intermittently, continuously and/or 
periodically adapt, adjust and/or control characteristics of the 
charge or current applied to or injected into the battery/cell in 
connection with maintaining the change in CPV within a 
predetermined range. For example, in one embodiment, the 
adaptive charging techniques and/or circuitry intermittently, 
continuously and/or periodically measure or monitor the 
CPV of the battery/cell (for example, measure or monitor the 
voltage of the battery/cell at the terminals thereof every Nth 
packet (where N=1 to 10) and/or every 10-1000 ms). Based 
thereon or using Such data, the adaptive charging techniques 
and/or circuitry may intermittently, continuously and/or peri 
odically determine and/or adapt the characteristics of the 
charge or current injected into the battery/cell (or adapt the 
characteristics of the charge removed from the battery/cell in 
those embodiments where a discharge current is employed) 
so that the CPV and/or change in CPV is within a predeter 
mined range, less than a predetermined value and/or greater 
than a predetermined lower limit (for example, determine 
and/or adapt the characteristics of the charge or current 
injected into the battery/cell every Nth packet (where N=1 to 
10) and/or every 10-1000 ms). In one embodiment, the adap 
tive charging techniques and/or circuitry may intermittently, 
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8 
continuously and/or periodically determine the CPV of the 
battery/cell and, in response thereto or based thereon, may 
intermittently, continuously and/or periodically determine an 
amplitude and duration of Subsequent charge pulses to be 
applied to or injected into the battery/cell (which, in one 
embodiment, may be charge pulses of the immediately Sub 
sequent packet(s)) so that the CPV and/or change in CPV of 
the battery/cell due to Such subsequent charge pulses satisfies 
one or more of the aforementioned criteria. 

Thus, adaptive charging techniques and/or circuitry of the 
present inventions may (i) measure or monitor the terminal 
Voltage of the battery/cell on an intermittent, continuous and/ 
or periodic basis, (ii) determine whether a CPV and/or a 
change in CPV (which is response to charge pulses) is within 
a predetermined range, below a predetermined value and/or 
above a predetermined value on an intermittent, continuous 
and/or periodic basis, and/or (iii) adapt, adjust and/or control 
characteristics of the charge or current signals applied to or 
injected into the battery/cell (for example, amplitude of the 
applied charge or current) so that the CPV and/or change in 
CPV of Subsequent charge pulses and/or packets is within a 
predetermined range, less than a predetermined upper limit 
value, and/or greater than a predetermined lower limit value 
on an intermittent, continuous and/or periodic basis. For 
example, adaptive charging techniques and/or circuitry of the 
present inventions may (i) monitor, measure and/or determine 
the CPV of the battery/cell at the terminals of the battery/cell 
every X packets (where X=1 to 10), (ii) determine, every Y 
packets (where Y=1 to 10), whether a CPV and/or change in 
CPV (which is in response to charge pulses) is within a 
predetermined range and/or below a predetermined value, 
and/or (iii) adapt, adjust and/or control characteristics of the 
charge or current signals applied to or injected into the bat 
tery/cell, every Z packets (where Z=1 to 10), so that the CPV 
and/or change in CPV meets one or more of the aforemen 
tioned criteria. All permutations and combinations are 
intended to fall within the scope of the present inventions. 
Indeed, such embodiments are applicable to the charging 
techniques and/or circuitry which apply or inject (i) charge 
packets having one or more charge pulses and (ii) charge 
packets having one or more charge pulses and one or more 
discharge pulses. 

Notably, the predetermined range may be fixed or may 
change, for example, over time, use and/or external operating 
conditions (for example, external temperature). The predeter 
mined range may change based on one or more conditions or 
states of the battery/cell (for example, state of charge). In 
addition thereto, or in lieu thereof, the predetermined range 
may change based on one or more responses of the battery/ 
cell to or during the charging process. 

In one embodiment, the predetermined range is based on 
empirical data, test data, simulation data, theoretical data 
and/or a mathematical relationship. For example, based on 
empirical data, the adaptive charging techniques and/or cir 
cuitry associated with a given battery/cell (for example, a 
certain series, manufacturing lot, chemistry and/or design) 
may determine, calculate and/or employ a predetermined 
range as well as changes therein. Again, such changes may (i) 
be fixed, (ii) based on one or more conditions or states of the 
battery/cell, and/or (iii) based on one or more responses of the 
battery/cell to or during the charging process. 

In another embodiment, the predetermined range may 
change based on, for example, a condition or state of the 
battery/cell and/or response of the battery/cell to the charging 
processes. For example, the predetermined range may depend 
on one or more parameters of the battery/cell including, for 
example, the state of charge (SOC) and/or state of health 
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(SOH) of the battery. Here, the circuitry and/or techniques of 
the present inventions may adjust, change and/or adapt the 
predetermined range employed to determine whether a 
change in a CPV of the battery/cell (which is response to 
charge pulses) is within a predetermined range and/or below 
a predetermined value based on or using data which is repre 
sentative of the SOC of the battery/cell and/or SOH of the 
battery/cell. 

Notably, the SOC of a battery/cell, for example, a lithium 
ion rechargeable battery/cell, is a parameter that is represen 
tative of and/or indicates the level of electrical charge avail 
able in the battery/cell. It may be characterized as a 
percentage of the nominal full charge rating of the battery/ 
cell, wherein a 100% SOC indicates that a battery/cell is fully 
charged and a 0% indicates that the battery/cell is fully dis 
charged. The SOC of the battery/cell may also be character 
ized as an available charge stored in the battery/cell relative to 
a maximum available charge stored in the battery/cell— 
wherein the maximum available charge may change overtime 
as, for example, the battery/cell ages or deteriorates. As indi 
cated herein, changes in the operating conditions may impact 
the battery/cell. For example, changes in temperature of the 
battery/cell may impact a maximum amount of charge the 
battery/cell is capable of storing and/or the maximum avail 
able charge from the battery/cell (hereinafter collectively, 
Q). For example, it is known that Q, decreases with 
lower temperature. Moreover, as discussed in detail below, 
Such operating conditions and changes in temperature may 
impact one or more of the predetermined values and/or ranges 
associated with the CPV or changes in the CPV of the battery/ 
cell. 
The SOH of a rechargeable battery/cell (for example, a 

rechargeable lithium-ion battery/cell, is a parameter that 
describes, characterizes and/or is representative of the “age' 
of the battery/cell, the degradation levels of the battery/cell 
and/or an ability of the battery/cell to hold charge, for 
example, relative to a given time in operation (for example, 
the initial time in operation). The CPV of the battery/cell 
which is responsive to a given charge pulse and for a given 
SOC changes as the SOH changes—and, hence the Voltage 
curves of the battery/cell tend to shift as the battery/cell ages 
and as the battery/cell SOH deteriorates. 

In one embodiment, based on or using initialization, char 
acterization and/or calibration data, the adaptive charging 
techniques and/or circuitry of the present inventions may 
calculate or determine an initial predetermined range or set of 
predetermined ranges for the particular battery/cell. For 
example, in one embodiment, based on or using (i) initializa 
tion, characterization and/or calibration data and (ii) empiri 
cal data, test data, simulation data, theoretical data and/or a 
mathematical relationship, the adaptive charging techniques 
and/or circuitry of the present inventions may calculate or 
determine one or more predetermined ranges for a particular 
or associated battery/cell. Indeed, in one embodiment, the 
adaptive charging techniques and/or circuitry of the present 
inventions, based on or using (i) initialization, characteriza 
tion and/or calibration data and (ii) empirical data, test data, 
simulation data, theoretical data and/or a mathematical rela 
tionship, may calculate or determine a pattern or relationship 
of the change of the predetermined range over timefuse (for 
example, (i) change based on one or more conditions or states 
of the battery/cell, (ii) change based on one or more responses 
of the battery/cell to or during the charging processes). 

Determination or calculation of a predetermined range or 
set of predetermined ranges may also employ data which is 
representative of a series, manufacturing lot, chemistry and/ 
or design of the battery/cell. In one embodiment, based on 
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10 
empirical data, test data, simulation data, theoretical data 
and/or a mathematical relationship in conjunction with data 
which is representative of a series, manufacturing lot, chem 
istry and/or design of the battery/cell, one or more predeter 
mined ranges timefuse may be determined or calculated. In 
addition, one or more changes to Such predetermined ranges 
(which may be based on one or more conditions or states of 
the battery/cell and/or responses of the battery/cell to or dur 
ing the charging processes) may be determined or calculated. 
In yet another embodiment, a predetermined range or set of 
predetermined ranges may be determined or calculated for a 
given battery/cell based on or using (i) the battery/cell 
response to an initialization, characterization and/or calibra 
tion signals or sequence, and (ii) empirical data, which may, 
for example, be developed based on a certain series, manu 
facturing lot, chemistry and/or design. Notably, data which is 
representative of a predetermined range or set of predeter 
mined ranges may be stored in memory, coupled to the bat 
tery/cell, for use by the adaptive charging techniques and/or 
circuitry of the present inventions. 

In another embodiment, an initial predetermined upper 
limit value, predetermined lower limit value and/or predeter 
mined range or set of predetermined ranges for a particular 
battery/cell may be based on or using initialization, charac 
terization or calibration data of the battery/cell. The initial 
ization, characterization and/or calibration data may be rep 
resentative of the response of the battery/cell to a 
characterization sequence. In one embodiment, the charac 
terization sequence may apply charge signals to the battery/ 
cell. Thereafter, the adaptive charging techniques and/or cir 
cuitry may evaluate the response to such signals by the 
battery/cell—including determining and/or measuring the 
CPV of a battery/cell over the SOC of the battery/cell (which 
may be the actual battery/cell or a representative thereof). 
Based thereon, the adaptive charging techniques and/or cir 
cuitry may calculate or determine predetermined values and 
ranges for the particular battery/cell. Such initialization, char 
acterization or calibration data may be obtained, acquired 
and/or determined, for example, at manufacture, test or cali 
bration which may include the characterization sequence to 
obtain “unique data regarding a given battery/cell. 

Briefly, the initialization, characterization or calibration 
sequences may seek to establish values for certain of the 
predetermined limits and ranges discussed herein. In one 
embodiment, the initialization, characterization or calibra 
tion sequences measure the change in terminal Voltage in 
response to charge and/or discharge packets (having charge 
and/or discharge pulses) for new cells/batteries over the full 
range of SOC. In a second embodiment, these values are used 
to cycle cells/batteries, and correlation data or tables are 
generated to correlate these change in terminal Voltage with 
the capacity fade of the cells/batteries, and consequently with 
cycle life. Different values may be used on different cells to 
create more complete correlation relationships between 
changes in terminal Voltage values or ranges and capacity 
fade. Additionally, the change in terminal Voltage values or 
ranges may be correlated using physical models to the trans 
port of lithium-ions, such as Solving Fick's law and current 
transport law within the battery/cell. 

Notably, the predetermined values and/or ranges may be 
calculated or determined by the adaptive circuitry and/or 
processes of the present inventions or by other circuitry and 
processes (for example, circuitry which is “off-device”, “off 
chip’ or separate from the circuitry of the present inventions). 
The predetermined values and/or ranges may be stored in 
memory (for example, in a database or look-up table) during 
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manufacture, test or calibration, and accessible to the adap 
tive circuitry and/or processes of the present inventions dur 
ing operation. 
As noted herein, the predetermined values and/or ranges 

may change relative to initial predetermined ranges in a pre 
determined manner (for example, in a fixed relationship over 
timefuse—which may be based on or using empirical data, 
test data, simulation data, theoretical data and/or a math 
ematical relationship). In addition thereto, or in lieu thereof, 
Such predetermined ranges may depend on considerations 
Such as the state or status of one or more parameters of the 
battery/cell including, for example, the SOC, the SOH and/or 
temperature of the battery/cell. Notably, where one of such 
parameters is temperature, the system may include a tempera 
ture sensor (thermally coupled to the battery/cell) to provide 
data which is representative of the temperature of the battery/ 
cell. 

For example, in one embodiment, the predetermined 
ranges depend on the SOC of the battery/cell. In this regard, 
the adaptive charging circuitry and techniques may apply or 
inject a higher current or charge into the battery/cell when the 
SOC of the battery/cell is low and a lower current or charge 
when the SOC of the battery/cell is high. Here, when an 
electrical current charges a lithium-ion cell, lithium ions 
move from the cathode across the electrolyte and diffuse into 
the grains of the anode. Thus, at a low SOC, the diffusion rate 
of lithium ions into the anode can be faster than the diffusion 
rate at a high SOC. The difference in diffusion rate can vary 
substantially. Additionally, it may be beneficial to use a higher 
charging current when the impedance (in particular, the real 
part thereof, which is representative of the resistance that the 
battery/cell exhibits to an applied electrical current) is low 
and a lower charging current when the impedance is high. 
Therefore, in one embodiment, the adaptive charging algo 
rithm or technique tailors, changes and/or adjusts the charg 
ing current to control, manage and/or reduce the CPV and/or 
change in CPV in response to Such charging current. 

Notably, as the charging techniques and/or circuitry 
adapts, adjusts and/or controls one or more characteristics of 
the charge or current applied to or injected into the battery/ 
cell so that the change in CPV of the battery/cell in response 
to Subsequent charging is within a predetermined range and/ 
or below a predetermined value may impact the net effective 
charge rate. That is, the net effective charge rate may be 
adjusted and/or controlled by way of adjusting and/or con 
trolling one or more characteristics of the charge or charging 
signal during a given charging period including, for example, 
the amplitude of the current charge or charging signal, the 
shape of the charge or charging signal (for example, triangu 
lar, rectangular, Sawtooth and/or square waves), the duration 
or width of the current charge or charging signal, the fre 
quency of the charge or charging signal and/or the duty cycle 
of the charge or charging signal. However, the charging tech 
niques and/or circuitry may calculate, determine and/or esti 
mate a peak amplitude and/or duration of the current pulse(s) 
(for a given pulse shape—for example, rectangular, triangle, 
sinusoidal or square current pulses) and responsively control 
the charging to minimize and/or reduce the temporal duration 
of the overall charge sequence, cycle or operation. Indeed, the 
charging techniques and/or circuitry may apply or inject less 
than a maximum charge (without the responsive terminal 
Voltage of the battery/cell attaining predetermined range) into 
the battery/cell during one or more portions of the charging 
sequence, cycle or operation. Under this circumstance, the 
temporal duration of the overall charging sequence, cycle or 
operation may likely increase. 
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The predetermined values and/or ranges may be stored in 

permanent, semi-permanent or temporary memory. In this 
regard, the memory may store data, equations, relationships, 
database and/or look-up table in a permanent, semi-perma 
nent or temporary (for example, until re-programmed) 
memory of any kind or type (for example, EEPROM, Flash, 
DRAM and/or SRAM). Moreover, the memory may be dis 
crete or resident on (i.e., integrated in) other circuitry of the 
present inventions (for example, control circuitry). In one 
embodiment, the memory may be one-time programmable, 
and/or the data, equations, relationships, database and/or 
look-up table of the predetermined range(s) may be stored in 
a one-time programmable memory (for example, pro 
grammed during test or at manufacture). In another embodi 
ment, the memory is more than one-time programmable and, 
as such, the predetermined range(s) may be updated, written, 
re-written and/or modified after initial storage (for example, 
after test and/or manufacture) via external or internal cir 
cuitry. 

It should be noted that, in certain embodiments, two con 
siderations in connection with implementing the adaptive 
charging circuitry and techniques of the present inventions 
are to: 

i. Minimize and/or reduce total charging time: For practical 
reasons, the battery/cell is charged within a given period 
of time (for example, a maximum allowed period of 
time). Typically, a specification value is defined or cho 
Sen depending on the application; and 

ii. Maximize and/or increase cycle life: To maximize and/ 
or increase cycle life of the battery/cell, here there is a 
tendency to charge the battery/cell (i) at a low current 
and/or (ii) provide rest periods between or in periods of 
charging (for example, between charging signals or 
packets) wherein no charge is applied to or injected into 
the battery/cell. 

Thus, in certain aspects, the charging circuitry of the present 
inventions using the CPV and/or change in CPV of the bat 
tery/cell implement adaptive techniques which seek to (i) 
minimize and/or reduce total charging time of the battery/cell 
and (ii) maximize and/or increase the cycle life of the battery/ 
cell (by, for example, minimizing and/or reducing degrada 
tion mechanisms of the charging operation). 

With reference to FIG. 1A, in one exemplary embodiment, 
adaptive charging circuitry 10 for a battery/cell includes 
charging circuitry 12, monitoring circuitry 14 and control 
circuitry 16 which implements one or more of the adaptive 
charging techniques described herein. Briefly, in one embodi 
ment, charging circuitry 12 responsively applies one or more 
current or charging signal to the battery/cell. (See, for 
example, FIGS. 2A and 2B). The charging circuitry 12 may 
also apply one or more charging signals (which provide a net 
input of charge or current into the battery/cell) and one or 
more discharging signals (which provide a net removal of 
charge or current from the battery/cell). (See, for example, 
FIGS. 2C and 2D). 
The adaptive charging circuitry and techniques of the 

present inventions may employ any charging circuitry 12, 
whether described herein, now known or later developed, to 
charge the battery/cell; all Such charging circuitry 12 are 
intended to fall within the scope of the present inventions. For 
example, charging circuitry 12 of the present inventions may 
generate charging and discharging signals, packets and pulses 
(as described herein). Notably, charging circuitry 12 is gen 
erally responsive to control signals from control circuitry 16. 

Although discussed in more detail below, with reference to 
FIGS. 3A-3J, the charging and discharging signals may 
include a plurality of charge packets wherein each charge 
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packet includes one or more charge pulses and, in certain 
embodiments, one or more discharge pulses. The charging 
and discharging signals may also include one or more dis 
charge packets wherein each discharge charge packet 
includes one or more discharge pulses. (See, FIGS. 3K-3N). 
Indeed, the charging and discharging signals may also 
include charge packets and one or more discharge packets 
wherein each charge packet and discharge packet includes 
one or more charge pulses and/or one or more discharge 
pulses. (See, FIGS. 3K and 3N). 

With continued reference to FIG. 1A, monitoring circuitry 
14 measures, monitors, senses, detects and/or samples (for 
example, on an intermittent, continuous and/or periodic 
basis) one or more conditions or characteristics of the battery/ 
cell including, for example, the terminal Voltage of the bat 
tery/cell, to detect, measure and/or determine the CPV of the 
battery/cell. Notably, the adaptive charging circuitry and 
techniques of the present inventions may employ any moni 
toring circuitry 14 and/or measuring or monitoring tech 
niques, whether described herein, now known or later devel 
oped, to acquire Such data; all Such monitoring circuitry 14 
and measuring or monitoring techniques are intended to fall 
within the scope of the present inventions. The monitoring 
circuitry 14 provides data which is representative of the con 
dition or characteristics of the battery/cell to control circuitry 
16. Moreover, monitoring circuitry 14 may include one or 
more temperature sensors (not illustrated) which is/are ther 
mally coupled to the battery/cell to generate, measure and/or 
provide data which is representative of the temperature of the 
battery/cell. 

The control circuitry 16, using data from monitoring cir 
cuitry 14, calculates, determines and/or assesses one or more 
conditions and/or states of the battery/cell, for example, in 
connection with or during the charging or recharging process. 
For example, control circuitry 16 calculates, determines and/ 
or estimates the CPV of the battery/cell (in response to a 
charge pulse) and/or a change in the CPV of the battery/cell in 
response to a plurality of charge pulses (for example, sequen 
tial pulses or non-sequential pulses). Notably, control cir 
cuitry 16 may also calculate, determine and/or estimate one, 
some or all of the SOC of the battery/cell, SOH of the battery/ 
cell, partial relaxation time of the battery/cell and/or overpo 
tential or full relaxation time of the battery/cell as described in 
detail in, for example, PCT Application Serial No. PCT/ 
US2012/30618, “Method and Circuitry to Adaptively Charge 
a Battery/Cell Using the State of Health Thereof, which is 
incorporated herein by reference. 
The control circuitry 16 also calculates, determines and/or 

implements a charging sequence or profile based on or using 
the CPV of the battery/cell and one or more of the adaptive 
charging techniques and algorithms described herein. In this 
regard, control circuitry 16 adapts, adjusts and/or controls 
one or more characteristics of the charge or current applied to 
or injected into the battery/cell (via controlling the operation 
of charging circuitry 12) so that a CPV of the battery/cell (in 
response to a charge pulse applied to or injected into the 
battery/cell during a charging or recharging sequence/opera 
tion) and/or a change in CPV of the battery/cell is within a 
predetermined range and/or less than a predetermined upper 
limit value and/or greater than a predetermined lower limit 
value. In one embodiment, where charging circuitry 12 
applies charge packets (each having at least one charge pulse) 
to the battery/cell, control circuitry 16 (implementing, for 
example, one or more of the inventive adaptive charging 
techniques described herein) adapts, adjusts and/or controls 
the characteristics of the charge packets applied to or injected 
into the battery/cell (via controlling charging circuitry 12) 
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monitors a CPV of the battery/cell and/or a change in CPV of 
the battery/cell. Where the CPV of the battery/cell and/or the 
change in CPV of the battery/cell is not within a predeter 
mined range and/or greater than a predetermined upper limit 
value and/or less than a predetermined lower limit value, the 
control circuitry instructs charging circuitry 12 to change the 
characteristics of the charge or current applied to or injected 
into the battery/cell via controlling the shape, amplitude and/ 
or width of charge pulse(s). In this way, control circuitry 16 
may, in one embodiment, adapt, adjust and/or control the 
charge or current applied to or injected into the battery/cell 
(via controlling charging circuitry 12) so that a CPV of the 
battery/cell and/or a change in CPV of the battery/cell (in 
response to charge or current pulse(s) applied to or injected 
into the battery/cell during a charging or recharging 
sequence/operation) is within a predetermined range and/or 
less than a predetermined upper limit value and/or greater 
than a predetermined lower limit value. 

In another embodiment, charging circuitry 12 applies 
charge packets, having one or more charge pulses and one or 
more discharge pulses, to the battery/cell during a charging or 
recharging sequence, operation or cycle. In this embodiment, 
control circuitry 16 may adapt, adjust and/or control (i) the 
characteristics of charge pulses applied and/or (ii) the char 
acteristics of the discharge pulse based on whether the CPV of 
the battery/cell and/or a change in CPV of the battery/cell is 
within a predetermined range and/or less than a predeter 
mined upper limit value and/or greater than a predetermined 
lower limit value. Here again, control circuitry 16 (via control 
of charging circuitry 12) may adapt, adjust and/or control 
shape, amplitude and/or width of charge pulse(s) and the 
shape, amplitude and/or width of discharge pulse(s) in a man 
ner so that (i) the CPV of the battery/cell due to subsequent 
charge pulse(s) and/or (ii) a change in CPV of the battery/cell 
due to the Subsequent charge pulses are within predetermined 
ranges during the charging sequence and/or less than a pre 
determined upper limit value and/or greater than a predeter 
mined lower limit value. 

Notably, control circuitry 16 may include one or more 
processors, one or more state machines, one or more gate 
arrays, programmable gate arrays and/or field programmable 
gate arrays, and/or a combination thereof. Indeed, control 
circuitry and monitoring circuitry may share circuitry with 
each other as well as with other elements; such circuitry may 
be distributed among a plurality of integrated circuits which 
may also perform one or more other operations, which may be 
separate and distinct from that described herein. Moreover, 
control circuitry 16 may perform or execute one or more 
applications, routines, programs and/or data structures that 
implement particular methods, techniques, tasks or opera 
tions described and illustrated herein. The functionality of the 
applications, routines or programs may be combined or dis 
tributed. In addition, the applications, routines or programs 
may be implementing by control circuitry 16 using any pro 
gramming language whether now known or later developed, 
including, for example, assembly, FORTRAN, C, C++, and 
BASIC, whether compiled or uncompiled code; all of which 
are intended to fall within the scope of the present inventions. 

In operation, charging circuitry 12 applies a charge or 
current to the battery/cell. (See, for example, the exemplary 
charge waveforms of FIGS. 2A-2D). The monitoring cir 
cuitry 14 measures or detects Voltages at the terminals of the 
battery/cell to determine a CPV of the battery/cell in response 
to charge or current pulse(s) applied to or injected into the 
battery/cell during a charging or recharging sequence/opera 
tion. In this regard, in one embodiment, monitoring circuitry 
14 measures the terminal voltage of the battery/cell (for 
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example, during and immediately after terminating the 
charge pulse) to facilitate detecting and/or determining the 
CPV of the battery/cell. The control circuitry 16, using the 
terminal Voltages measured by monitoring circuitry 14, deter 
mines and/or detects (i) the CPV of the battery/cell and/or (ii) 
a change in CPV of the battery/cell. The control circuitry 14 
also determines and/or assesses whether the CPV and/or 
change in CPV of the battery/cell is within a predetermined 
range, and/or less than a predetermined upper limit value 
and/or greater than a predetermined lower limit value. Where 
the CPV of the battery/cell and/or change in CPV of the 
battery/cell satisfies the criteria, in one embodiment, instructs 
charging circuitry 12 to apply the same or similar charge 
packet to the battery/cell during Subsequent charging. Where, 
however, the change in terminal Voltage is outside or exceeds 
the predetermined range (for example, is less than the prede 
termined lower limit or is greater than the predetermined 
upper limit), control circuitry 16 adapts, adjusts and/or con 
trols one or more characteristics of the charge or current 
applied to or injected into the battery/cell (via charging cir 
cuitry 12) so the CPV and/or change in CPV of the battery/ 
cell in response to Subsequent charging (for example, the 
immediately Subsequent charge packet) is within a predeter 
mined range, and/or less than a predetermined upper limit 
value and/or greater than a predetermined lower limit value. 
Here, control circuitry 16 implements, calculates and/or 
determines a change to one or more characteristics of the 
packet So that charge or current applied to or injected into the 
battery/cell via subsequent charging provides a CPV and/or 
change in CPV of the battery/cell in response thereto satisfies 
the aforementioned criteria. 

Notably, the predetermined range, upper limit value and/or 
lower limit value may change, for example, according to a 
predetermined rate or pattern—for example, based on a par 
ticular battery/cell type or manufacturer. Indeed, the prede 
termined range, upper limit value and/or lower limit value 
may change according to a SOC and/or SOH of the battery/ 
cell (which may be measured, determined and/or estimated). 

In particular, with reference to FIGS. 1A and 4A, in one 
embodiment, monitoring circuitry 14 measures, samples and/ 
or determines the terminal Voltage response to the charge 
pulse and provides data which is representative of a CPV, 
which correlates to a peak voltage, measured at the terminals 
of the battery/cell, which is in response to an associated 
charge pulse to control circuitry 16. Based on or using Such 
data, control circuitry 16 (which, in one embodiment, 
includes a peak Voltage detector (for example, a digital or 
analog type detector)) calculates, determines and/or esti 
mates CPV due to the associated charge pulse. The control 
circuitry 16 determines whether CPV is within a predeter 
mined range, greater than a predetermined upper limit value 
and/or less than a predetermined lower limit value. (See, for 
example, FIGS. 5A-5F). Where control circuitry 16 calcu 
lates, determines and/or estimates the CPV satisfies the 
aforementioned criteria, control circuitry 16 may maintain 
the characteristics of the previous charge packet in connec 
tion with the immediately Subsequent charge packet (al 
though control circuitry 16 may indeed change such charac 
teristics as a result of other considerations, such as, for 
example, considerations measurements of relaxation time to 
partial equilibrium and/or SOC and/or SOH). 

Where, however, control circuitry 16 determines the CPV 
does not satisfy one or more of the aforementioned criteria 
(i.e., within a predetermined range, greater than a predeter 
mined upper limit value and/or less than a predetermined 
lower limit value), control circuitry 16 may change one or 
more characteristics of the charge packet including the shape, 
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amplitude and/or width of charge pulse(s) to adapt, adjust 
and/or control the charge or current applied to or injected into 
the battery/cell (via charging circuitry 12) so that the CPV of 
the battery/cell in response to a Subsequent charge pulse 
satisfies the aforementioned criteria. (See, for example, 
FIGS.5A-5F). For example, where CPV of the battery/cell in 
response to one or more charge pulses of a charge packet is 
greater than a predetermined upper limit value (see, for 
example, FIG. 6A), control circuitry 16 may decrease the 
amplitude and/or width of the charge pulse(s) to thereby 
inject less charge into the battery/cell in a Subsequent packet 
(for example, the immediately Subsequent packet). Alterna 
tively, where CPV of the battery/cell in response to one or 
more charge pulses of a charge packet is less than a predeter 
mined lower limit value (see, for example, FIG. 6B), control 
circuitry 16 may increase the amplitude and/or width of the 
charge pulse(s) to thereby inject more current or charge into 
the battery/cell in a Subsequent packet (for example, the 
immediately Subsequent packet). 

Notably, control circuitry 16 adapts the charge sequence 
via one or more modifications to the charge pulse and/or 
charge packet for example, where the CPV is less than the 
predetermined range, the control circuitry may increase the 
amplitude and decrease the width of the charge pulse(s) to 
thereby inject the same amount of current or charge into the 
battery/cell in a Subsequent packet (for example, the imme 
diately Subsequent packet) but at a higher amplitude relative 
to the previous packet/pulse. Similarly, where the CPV is 
greater than the predetermined range, control circuitry 16 
may decrease the amplitude and increase the width of the 
charge pulse(s) to thereby inject the same amount of current 
or charge into the battery/cell in a subsequent packet (for 
example, the immediately Subsequent packet) but at a lower 
amplitude relative to the previous pulse. Indeed, with refer 
ence to FIG. 7A, in one embodiment, control circuitry 16 may 
adapt, adjust and/or control the amplitude and/or duration of 
the charge pulse as well as the duration of the rest period 
(T,). For example, in one embodiment, control circuitry 16, 
via charging circuitry 12, adjusts the amplitude and duration 
of the charge pulse and the duration of the rest period (T,) 
to maintain a constant period of the charge packet (T). 
Alternatively, control circuitry 16 may adapt, adjust and/or 
control the duration of the rest period (T,) to accommodate 
other considerations and parameters in relation to the 
response of the battery/cell to charging (for example, over 
potential or full relaxation time (relative to full or complete 
equilibrium of the battery/cell) and/or relaxation time (to 
partial-equilibrium of the battery/cell)). (See, for example, 
application Ser. No. 13/366,352 “Method and Circuitry to 
Calculate the State of Charge of a Battery/Cell, which is 
incorporated herein by reference). 

In another embodiment, where the charge packet includes 
one or more discharge pulses, control circuitry 16 may adapt, 
adjust and/or control one or more characteristics of the charge 
pulse(s) and/or discharge pulse(s) (for example, the shape, 
amplitude and/or width of charge pulse(s) and/or discharge 
pulse(s)), via controlling charging circuitry 12, to provide a 
CPV which satisfies the aforementioned criteria (i.e., within a 
predetermined range, less than a predetermined upper limit 
value and/or greater than a predetermined lower limit value). 
With reference to FIG. 7B, control circuitry 16 may change 
the characteristics of the pulse(s) while maintaining an 
amount of current injected into the battery/cell and/or an 
amount of charge or current removed from the battery/cell 
constant or Substantially constant relative to immediately 
Subsequent packets. Alternatively, control circuitry 16 may 
change the characteristics of the pulse(s) and change an 
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amount of charge or current applied to or injected into the 
battery/cell and/or an amount of charge or current removed 
from the battery/cell so that the change in Voltage in response 
to Subsequent packet(s) is within one or more predetermined 
ranges and/or below one or more predetermined values. 
As such, in this embodiment, control circuitry 16 may 

adapt, adjust and/or control shape, amplitude and/or width of 
charge pulse(s) and the shape, amplitude and/or width of 
discharge pulse(s) (via controlling charging circuitry 12) in a 
manner so that the CPV of the charge pulse of the charge 
packet is within a predetermined range, less than a predeter 
mined upper limit value and/or greater than a predetermined 
lower limit value. In addition, control circuitry 16 may con 
trol the duration of one or both of the rest periods (T. and 
Ts). In one embodiment, control circuitry 16, via charging 
circuitry 12, adjusts the amplitude and width of the charge 
and/or discharge pulses and duration of one or both of the rest 
periods (T. and Ts) to maintain a constant period of the 
charge packet (T). Alternatively, control circuitry 16 
may adapt, adjust and/or control the amplitude and/or dura 
tion of the charge and/or discharge pulses in relation to the 
change in CPV of the battery/cell as well as adapt, adjust 
and/or control the duration of one or both of the rest periods 
(T. and Ts) to, for example, accommodate other consid 
erations and parameters in relation to the response of the 
battery/cell to charging (for example, overpotential or full 
relaxation time (relative to full or complete equilibrium of the 
battery/cell) and/or relaxation time (to partial-equilibrium of 
the battery/cell)). (See, for example, application Ser. No. 
13/366,352 “Method and Circuitry to Calculate the State of 
Charge of a Battery/Cell’). 

In addition to consideration of the CPV of the battery/cell, 
or in lieuthereof, the control circuitry may employ a change 
in CPV in relation to a plurality of charge pulses to determine 
whether to adapt, modify and/or change the charge sequence, 
cycle or operation. In this regard, with reference to FIG. 1A 
and FIGS. 4A and 4B, monitoring circuitry 14 may measure, 
sample and/or determine the terminal voltage of the battery/ 
cell in response to the plurality of charge pulses—including 
the CPV of associated charge pulses. Based on or using Such 
data, control circuitry 16 (which, as noted above, may include 
a peak voltage detector (which may be a digital or analog type 
detector)) calculates, determines and/or estimates CPV 
responsive to an associated first charge pulse (CP) and CPV 
responsive to an associated second charge pulse (CP). The 
control circuitry 16 determines whether a change in CPV is 
within a predetermined range, greater than a predetermined 
upper limit value and/or less than a predetermined lower limit 
value. (See, for example, FIGS. 5A-5F). Where control cir 
cuitry 16 calculates, determines and/or estimates the change 
in CPV satisfies the aforementioned criteria, control circuitry 
16 may maintain the characteristics of the previous charge 
packets in connection with the immediately Subsequent 
charge packets (although control circuitry 16 may indeed 
change Such characteristics as a result of other considerations, 
Such as, for example, considerations measurements of relax 
ation time to partial equilibrium and/or SOC and/or SOH). 
Where, however, control circuitry 16 calculates, determines 
and/or estimates the change in CPV does not satisfy one or 
more of the aforementioned criteria, control circuitry 16 may 
adapt, adjust and/or control the charge as described herein in 
connection with charge packets. That is, control circuitry 16 
adjusts the characteristics of the charge pulse(s) to control, 
adjust and/or provide a change in CPV, in response to charge 
pulses of Subsequent charge packets, which is within a pre 
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determined range, and/or less than a predetermined upper 
limit value and/or greater than a predetermined lower limit 
value. 

Notably, the control circuitry may calculate, determine 
and/or estimate a change in CPV using CPVs of (i) associated 
charge pulses of sequential charge packets (see, for example, 
FIGS. 4A and 4B) and/or (ii) associated charge pulses of 
non-sequential charge packets (see, for example, FIGS. 4C 
and 4D). Moreover, as noted above, the control circuitry may 
considera CPV (absolute CPV evaluation) as well as a change 
in CPV (relative CPV evaluation) when determining whether 
to adapt, adjust and/or control the charge injected into or 
applied to the battery/cell in connection with charge 
sequence, cycle or operation. 
As mentioned herein, control circuitry 16 may adapt, 

adjust and/or control the characteristics of Subsequent charge 
or current applied to or injected into the battery/cell based on 
or using an averaged response of the battery/cell in connec 
tion with a plurality of pulses in the packet and/or a plurality 
of packets. For example, control circuitry 16 may adapt, 
adjust and/or control the shape, amplitude and/or width of 
charge pulse(s) generated by charging circuitry 12 and 
applied to the battery/cell by charge packets so that the aver 
age change in CPV in connection with the plurality of charge 
pulses over a plurality of charge packet is within a predeter 
mined range and/or less than a predetermined upper limit 
value and/or greater than a predetermined lower limit value. 
Similarly, the charging techniques and/or circuitry of the 
present inventions may adapt, adjust and/or control the charge 
or current applied to or injected into the battery/cell by a 
plurality of charge pulses of a packet so that the change in 
CPV of the battery/cell averaged over a plurality of charge 
pulses of the packet satisfies the aforementioned criteria. 
The control circuitry 16 may employ any form of averaging 

now known or later developed; all of which are intended to 
fall within the scope of the present inventions. For example, 
control circuitry 16 may employ discrete or mutually exclu 
sive groups of packets or “rolling averages wherein the 
charging techniques and/or circuitry determine or calculate a 
“new” average as a CPV of the battery/cell and/or a change in 
CPV, in response to a charge packet. Again, all forms of 
averaging and averaging techniques are intended to fall 
within the scope of the present inventions. 

Notably, the discussion with respect to the charge packets 
is applicable to control of the pulses of a discharge packet. In 
this regard, control circuitry 16 may adapt, adjust and/or 
control one or more characteristics of the discharge packets so 
that the CPV of the battery/cell in response to a charge pulse 
of a discharge packet is within a predetermined range and/or 
below a predetermined upper limit value and/or above a pre 
determined lower limit value. As mentioned herein, the dis 
charge packets include one or more discharge pulses (see, for 
example, FIGS.3K-3N) as well as one or more charge pulses 
in addition to the discharge pulse(s) (see, for example, 3K, 
3M and 3N). 

Briefly, in operation, similar to the charge packets, moni 
toring circuitry 14 measures, samples and/or determines the 
CPV of the battery/cell in response to a charge pulse of a 
discharge packet and provides data which is representative 
thereof to control circuitry 16, which determines the CPV of 
the battery/cell in response to the associated charge pulse of 
the discharge packet. The operation is the same to that 
described herein in connection with a charge packet. For the 
sake of brevity, such discussion will not be repeated. 

Notably, the predetermined range, upper limit value and/or 
lower limit value may be fixed or may change or be adjusted, 
for example, over time or use and/or based on one or more 
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conditions or states of the battery/cell (for example, SOC 
and/or SOH) and/or responses of the battery/cell to or during 
charging. In one embodiment, the predetermined range is 
based on empirical data, test data, simulation data, theoretical 
data and/or a mathematical relationship. For example, based 
on empirical data, control circuitry 16 associated with the 
battery/cell may determine, calculate and/or employ prede 
termined ranges based on one or more conditions or states of 
the battery/cell (for example, the SOC and/or SOH of the 
battery/cell) and/or responses of the battery/cell to or during 
charging. Such predetermined range, upper limit value and/or 
lower limit value may be fixed (for example, conform to a 
fixed or predetermined pattern) or may be variable. 

In one embodiment, the changes in the predetermined 
range, upper limit value and/or lower limit value may be 
based on one or more conditions or states of the battery/cell 
and/or responses of the battery/cell to or during the charging 
process. For example, the predetermined ranges may change 
and/or adapt based on or according to one or more parameters 
of the battery/cell including, for example, the SOC, the SOH, 
overpotential or full relaxation time (relative to full or com 
plete equilibrium of the battery/cell) and/or relaxation time 
(to partial-equilibrium of the battery/cell). Indeed, in one 
embodiment, where the battery/cell is a typical rechargeable 
lithium-ion (Li+) battery/cell employing a conventional 
chemistry, design and materials, a predetermined range, 
upper limit value and/or lower limit value may be dependent 
on the SOC of the battery/cell for example, the predeter 
mined range, upper limit value and/or lower limit value may 
change in accordance with a SOC (for example, a first set of 
criteria when the SOC is between 0-10%, (ii) a second set of 
criteria when the SOC is between 10-20%, (iii) a first third of 
criteria when the SOC is between 20-30%, (iv) a fourth set of 
criteria when the SOC is between 30-50%, (v) a fifth set of 
criteria when the SOC is between 50-60%, (vi) a sixth set of 
criteria when the SOC is between 60-70%, (vii) a seventh set 
of criteria when the SOC is between 70-80%, (viii) an eighth 
set of criteria when the SOC is between 80-90%, (ix) a ninth 
set of criteria when the SOC is between 90-100%). 

Thus, in one embodiment, control circuitry 16 may calcu 
late, determine and/or employ one or more predetermined 
ranges, upper limit values and/or lower limit values based on 
the status or state of the battery/cell (for example, based on or 
using data which is representative of the SOC of the battery/ 
cell, the SOH of the battery/cell, overpotential and/or relax 
ation time). That is, the predetermined range, upper limit 
value and/or lower limit value employed by control circuitry 
16 and upon which the change in CPV of the battery/cell is 
evaluated, may depend on status or state of the battery/cell, 
for example, the SOC of the battery/cell and the SOH of the 
battery/cell. 

In one embodiment, based on or using initialization, char 
acterization and/or calibration data, control circuitry 16 or 
external circuitry may calculate or determine an initial set of 
predetermined ranges, upper limit values and/or lower limit 
values for the particular battery/cell. For example, in one 
embodiment, based on or using (i) initialization, character 
ization and/or calibration data and (ii) empirical data, test 
data, simulation data, theoretical data and/or a mathematical 
relationship, control circuitry 16 or external circuitry may 
calculate or determine a set of criteria for a particular or 
associated battery/cell. Such predetermined range, upper 
limit value and/or lower limit value may be based on one or 
more states of the battery/cell (for example, SOC of the bat 
tery). The control circuitry may adaptively adjust the prede 
termined ranges, upper limit values and/or lower limit values 
over the life or use of the battery/cell—for example, based on 
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20 
the changing conditions of the battery/cell (for example, a 
measured SOH of the battery/cell). 

Notably, a set of predetermined ranges, upper limit values 
and/or lower limit values may be calculated or determined by 
control circuitry 16 or by circuitry other than control circuitry 
16 (for example, circuitry which is "off-device' or “off-chip' 
relative to control circuitry 16). The predetermined ranges 
may be stored in memory (for example, in a database or 
look-up table) during manufacture, test or calibration, and 
accessible to the adaptive circuitry and/or processes of the 
present inventions during operation. 

In one embodiment, a set of predetermined ranges, upper 
limit values and/or lower limit values (based on, for example, 
SOC of the battery) may be calculated or determined and 
stored in memory (for example, during manufacture, test or 
calibration). Thereafter, the control circuitry may adjust or 
adapt the set of ranges and limits based on the condition of the 
battery/cell—for example, the SOH of the battery/cell. Alter 
natively, the memory may store multiple sets of predeter 
mined ranges and limits (for example, in a look-up table or 
matrix) and control circuitry 16 employs a given predeter 
mined range and/or limit(s) based on one or more conditions 
of the battery/cell including SOC and SOH of the battery/ 
cell. Thus, in this embodiment, the predetermined ranges and 
limits employed by control circuitry 16 depends on the SOH 
of the battery/cell, which designates or “identifies a set of 
predetermined ranges and limits, and the SOC of the battery/ 
cell which designates or “identifies' the particular predeter 
mined range and limit(s) within the set of predetermined 
ranges and limits. In these embodiments, the control circuitry 
adapts the control of the charging process based on or in 
response to a degrading SOH of the battery/cell. The set of 
predetermined ranges and/or limits or the particular predeter 
mined range/limit may also be depend on other consider 
ations such as the state or status of other parameters of the 
battery/cell including, for example, the overpotential, relax 
ation time and/or temperature of the battery/cell (for example, 
in one embodiment, the predetermined ranges may increase 
with an increase in temperature of the battery/cell). 
The predetermined ranges and limit(s) may be stored in any 

memory now known or later developed; all of which are 
intended to fall within the scope of the present inventions. For 
example, the memory may be a permanent, semi-permanent 
or temporary memory (for example, until re-programmed). In 
one embodiment, the memory may be one-time program 
mable, and/or the data, equations, relationships, database 
and/or look-up table of the predetermined range(s) may be 
stored in a one-time programmable memory (for example, 
programmed during test or at manufacture). In another 
embodiment, the memory is more than one-time program 
mable and, as such, the predetermined range(s) and/or limit 
(s) may be updated, written, re-written and/or modified after 
initial storage (for example, after testand/or manufacture) via 
external or internal circuitry. 

With reference to FIGS. 1A-1C, memory 18 may be inte 
grated or embedded in other circuitry (for example, control 
circuitry 16) and/or discrete. The memory 18 may be of any 
kind or type (for example, EEPROM, Flash, DRAM and/or 
SRAM). The memory 18 may store data which is represen 
tative of the predetermined ranges/limit(s), equations, and 
relationships. Such data may be contained in a database and/ 
or look-up table. 

Thus, in one embodiment, a correlation of the CPV and/or 
change in CPV to the SOC of the battery/cell may be based on 
empirical data, test data, simulation data, theoretical data 
and/or a mathematical relationship. For example, based on 
empirical data, the circuitry associated with a given battery/ 
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cell (for example, a certain series, manufacturing lot, chem 
istry and/or design) may determine, calculate and/or employ 
a predetermined correlation. In another embodiment, based 
on or using initialization, characterization and/or calibration 
data, control circuitry or circuitry external to the system may 
calculate or determine a correlation of a measured CPV and/ 
or change in CPV to the SOC of the battery/cell. In one 
embodiment, for example, based on or using (i) initialization, 
characterization and/or calibration data and (ii) empirical 
data, test data, simulation data, theoretical data and/or a math 
ematical relationship, the control circuitry (or external cir 
cuitry) may calculate, estimate or determine a correlation of a 
measured CPV and/or change in CPV to the SOC for a par 
ticular or associated battery/cell. Indeed, in one embodiment, 
the control circuitry may adaptively adjust the correlation of 
a measured CPV and/or change in CPV to the SOC over the 
life or use of the battery/cell—for example, based on the 
changing conditions of the battery/cell (for example, a mea 
sured SOH of the battery/cell). 

In another embodiment, an initial predetermined CPV 
range/limits or set of predetermined CPV ranges/limits for a 
particular battery/cell may be based on or using initialization, 
characterization or calibration data of the battery/cell. The 
initialization, characterization and/or calibration data may be 
representative of the response of the battery/cell to a charac 
terization sequence. In one embodiment, the characterization 
sequence may apply charge signals to the battery/cell. There 
after, the adaptive charging techniques and/or circuitry may 
evaluate the response to Such signals by the battery/cell (in 
cluding the CPV and/or change in CPV of the battery/cell). 
Based thereon, the adaptive charging techniques and/or cir 
cuitry may calculate or determine predetermined overpoten 
tial ranges for the particular battery/cell. Such initialization, 
characterization or calibration data may be obtained, 
acquired and/or determined, for example, at manufacture, test 
or calibration which may include the characterization 
sequence to obtain “unique data regarding a given battery/ 
cell. 
As noted herein, in certain embodiments, two consider 

ations in connection with implementing the adaptive charging 
circuitry and techniques of the present inventions include (i) 
minimizing and/or reducing total charging time and (ii) maxi 
mizing and/or increasing cycle life. Under certain circum 
stances, it is desirable to charge the battery/cell at the slowest 
possible charge rate in order to extend its cycle life. For 
practical reasons, however, the user may desire to charge the 
battery/cell within a given period of time (for example, a 
maximum allowed period of time). Typically, a specification 
value is defined, selected and/or chosen depending on the 
application of the battery/cell. For example, it is approxi 
mately 2 to 4 hours for conventional batteries employed in 
consumer applications, and for conventional batteries 
employed in transportation applications, it may be up to 8 
hours. This results in a specification for a net effective charg 
ing current. Moreover, to maximize and/or increase cycle life 
of the battery/cell, it may be desirable to charge the battery/ 
cell (i) at a low current and/or (ii) provide relaxation or rest 
periods between charging periods. Thus, in certain aspects, 
the charging circuitry of the present inventions implement 
adaptive techniques which seek to (i) minimize and/or reduce 
total charging time of the battery/cell and (ii) maximize and/ 
or increase the cycle life of the battery/cell (by, for example, 
minimizing and/or reducing degradation mechanisms of the 
charging operation). 

There are many inventions described and illustrated herein. 
While certain embodiments, features, attributes and advan 
tages of the inventions have been described and illustrated, it 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

22 
should be understood that many others, as well as different 
and/or similar embodiments, features, attributes and advan 
tages of the present inventions, are apparent from the descrip 
tion and illustrations. As such, the embodiments, features, 
attributes and advantages of the inventions described and 
illustrated herein are not exhaustive and it should be under 
stood that such other, similar, as well as different, embodi 
ments, features, attributes and advantages of the present 
inventions are within the scope of the present inventions. 
Indeed, the present inventions are neither limited to any single 
aspect nor embodiment thereof, nor to any combinations and/ 
or permutations of Such aspects and/or embodiments. More 
over, each of the aspects of the present inventions, and/or 
embodiments thereof, may be employed alone or in combi 
nation with one or more of the other aspects of the present 
inventions and/or embodiments thereof. 

For example, the adaptive charging techniques and cir 
cuitry of the present inventions may monitor and/or deter 
mine one or more (or all) of the parameters discussed herein 
(including, for example, (i) CPV (and/or change in CPV) in 
response to one or more charge pulses, (ii) partial relaxation 
time, (iii) SOC of the battery/cell, (iv) full relaxation time or 
overpotential and/or (v) SOH (or changes therein) of the 
battery/cell) and responsively adapt the characteristics of the 
charging sequence (for example, the amount of charge, length 
and relative location of rest periods, the amplitude of the 
charging signals, the duration or width of the charge or charg 
ing signals and/or shape of the charging signals) to control 
one or more (or all) of Such parameters. The present inven 
tions are neither limited to any combination and/or permuta 
tion of such monitoring and/or adaptation. Indeed, the control 
circuitry may employ such techniques and/or control Such 
parameters in any combination; all combinations or permu 
tations thereof are intended to fall within the scope of the 
present inventions. 

For example, in one embodiment, the control circuitry, 
using the state or status of one or more (or all) of the afore 
mentioned parameters which are determined at differing 
rates, adapts, adjusts and/or controls the characteristics of the 
charge injected into the battery/cell (via controlling, for 
example, the shape, amplitude and/or duration of the current 
signal output by the charging circuitry). With reference to 
FIG. 8A-8E, the control circuitry may implement one or more 
adaptation loops to determine whether to adapt, adjust and/or 
control the characteristics of the charge injected into the 
battery/cell (via control of the charging circuitry). For 
example, the control circuitry may employ a first adaption 
loop which monitors and/or determines a CPV (or change in 
CPV) in response to one or more charge pulses (of, for 
example, one or more packets) and/or the partial relaxation 
time to responsively adapt the characteristics of the charging 
sequence. (See, for example, FIG. 9A). Here, the control 
circuitry may monitor and/or determine the parameters of the 
first loop and/or responsively adapt the characteristics of the 
charging sequence based on or using the parameters of the 
first loop at a first rate (for example, on application of a charge 
pulse or a number of charge pulses). 

In addition thereto, or in lieu thereof, the control circuitry 
may employ a second adaption loop which determines or 
estimates the SOC of the battery/cell and/or the full relaxation 
time or overpotential to responsively adapt the characteristics 
of the charging sequence. (See, for example, FIG. 9B). Here, 
the control circuitry may monitor and/or determine or esti 
mate the parameters of the second loop and/or responsively 
adapt the characteristics of the charging sequence based on or 
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using the parameters of the second loop at a second rate 
(which is less than the first rate for example, 1 to 1000 
seconds). 
The control circuitry may, in addition thereto or in lieu 

thereof, employ a third adaption loop which determines or 
estimates the SOH (or changes therein) of the battery/cell to 
responsively adapt the characteristics of the charging 
sequence. (See, for example, FIG. 9C). Here, the control 
circuitry may monitor and/or determine or estimate the 
parameter of the third loop and/or responsively adapt the 
characteristics of the charging sequence based on or using the 
parameter of the third loop at a third rate (which is less than 
the first and second rates—for example, after a predetermined 
number of charge and/or discharge cycles (for example, 1-10 
charge and/or discharge cycles)). 

Notably, the control circuitry may, in addition thereto or in 
lieuthereof, employ a fourth adaption loop which determines 
or estimates the temperature (or changes therein) of the bat 
tery/cell during charging to responsively adapt the character 
istics of the charging sequence. (See, for example, FIG.9D). 
Here, the control circuitry may monitor and/or determine or 
estimate the temperature of the battery/cell and/or respon 
sively adapt the characteristics of the charging sequence 
based on or using the temperature of the battery/cell at a 
fourth rate (which is different from the first, second and/or 
third rates—for example, every 5 minutes and/or during a 
SOC determination or estimation). 

With reference to FIG. 8E, the control circuitry may imple 
ment a technique that includes Nadaption loops (where N is 
a natural number—i.e., 1,2,...) wherein the control circuitry 
determines or estimates the parameters associated with each 
loop and/or responsively adapt the characteristics of the 
charging sequence based on or using the associated parameter 
of each loop at a corresponding rate. Notably, in each of the 
above embodiments, the monitoring circuitry may monitor 
the state, parameters and/or characteristics of the battery/cell 
(for example, terminal Voltage) in accordance with the afore 
mentioned rates and/or continuously, intermittently and/or 
periodically. 

Thus, the adaptive charging techniques and circuitry of the 
present inventions may implement one or more adaption 
loops each based on one or more different parameters. The 
present inventions are neither limited to any combination 
and/or permutation of such adaptation loops. Indeed, the con 
trol circuitry may employ such adaption loops alone/sepa 
rately or in any combination; all combinations or permuta 
tions thereof are intended to fall within the scope of the 
present inventions. 
The rate at which the control circuitry implements an adap 

tion loop may be temporally based and/or event based. For 
example, the control circuitry may estimate, calculate, mea 
sure and/or determine the SOC or SOH (and/or changes 
therein) based on one or more events and/or charging 
response characteristics (for example, the charge retained 
and/or provided battery/cell is “inconsistent with the SOC or 
SOH data and/or there is an “inconsistency” between the 
SOC, SOH, relaxation time and/or the voltage at the terminals 
of the battery/cell during charging). That is, in one embodi 
ment, in response to detecting one or more events (for 
example, a beginning or initiation of a charging sequence? 
cycle) and/or “triggerable' charging response characteristics 
(due to, for example, an “inconsistency” between the battery/ 
cell charge response characteristics or parameters which Sug 
gests, for example, the SOH (which may be stored in 
memory) may not be as estimated or determined), the control 
circuitry estimates, calculates, measures and/or determines 
the SOH (and/or changes therein) of a battery/cell and adapts, 
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adjusts and/or controls the amount of charge injected into the 
battery/cell based on or using SOH (and/or changes therein) 
of the battery/cell. 

Further, although several of the exemplary embodiments 
are described and/or illustrated in the context of circuitry 
and/or techniques for a lithium ion technology/chemistry 
based battery/cell (for example, lithium-cobalt dioxide, 
lithium-manganese dioxide, lithium-iron phosphate, and 
lithium-iron disulfide), the inventions described and/or illus 
trated herein may also be implemented in conjunction with 
other electrolyte battery chemistries/technologies including, 
for example, nickel-cadmium and other nickel metal hydride 
chemistries/technologies. As such, the embodiments set forth 
in the context of lithium ion based batteries/cells are merely 
exemplary; and other electrolyte battery chemistries/tech 
nologies, implementing one or more of the features of the 
present inventions as described herein, are intended to fall 
within the scope of the present inventions. It is to be under 
stood that other embodiments may be utilized and operational 
changes may be made without departing from the scope of the 
present inventions. Indeed, the foregoing description of the 
exemplary embodiments of the inventions has been presented 
for the purposes of illustration and description. It is intended 
that the scope of the inventions not be limited solely to the 
description herein. 

Further, as discussed herein, the control circuitry may 
intermittently, continuously and/or periodically estimate, cal 
culate, measure and/or determine a CPV and/or change in 
CPV of the battery/cell in response to a charge pulse of a 
charge or discharge signal and/or packet. In addition thereto, 
the control circuitry may intermittently, continuously and/or 
periodically adapt, adjust and/or control the characteristics of 
the charge or discharge signal, packet and/or pulse (via con 
trolling, for example, the shape, amplitude and/or duration of 
the signal output of the charging circuitry) based on whether 
the CPV and/or a change in CPV of the battery/cell is within 
a predetermined range, less than a predetermined upper limit 
value and/or greater than a predetermined lower limit value. 
Thus, in one embodiment, the adaptive charging techniques 
and/or circuitry intermittently, continuously and/or periodi 
cally measure or monitor the CPV of the battery/cell. Based 
thereon or using such data, the adaptive charging techniques 
and/or circuitry may intermittently, continuously and/or peri 
odically determine and/or adapt the Subsequent charging and 
discharging of the battery/cell so that the CPV and/or change 
in CPV satisfies one or more of the predetermined criteria. 
Accordingly, adaptive charging techniques and/or circuitry of 
the present inventions may (i) measure or monitor the termi 
nal Voltage of the battery/cell on an intermittent, continuous 
and/or periodic basis, (ii) determine the CPV and/or change in 
CPV of the battery/cell (which is response to charge pulse(s)), 
(iii) determine whether a CPV and/or change in CPV is within 
a predetermined range and/or satisfies the predetermined lim 
its on an intermittent, continuous and/or periodic basis, and/ 
or (iii) adapt, adjust and/or control characteristics of the 
charge or current (for example, amplitude of the applied 
charge or current) applied to or injected into the battery/cell 
so that the CPV and/or change in CPV satisfies the aforemen 
tioned criteria on an intermittent, continuous and/or periodic 
basis. All permutations and combinations are intended to fall 
within the scope of the present inventions. Indeed, Such 
embodiments are applicable to the charging techniques and/ 
or circuitry which apply or inject (i) charge packets having 
one or more charge pulses and (ii) charge packets having one 
or more charge pulses and one or more discharge pulses. 

Moreover, in one embodiment, the exemplary charge and 
discharge signals generated, output and/or applied by the 
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current charging circuitry to the battery/cell may be charac 
terized as including a plurality of packets (for example, about 
1,000 to about 50,000 packets—depending on the initial SOC 
and the final SOC), wherein each packet includes a plurality 
of current pulses (for example, 1 to about 50 pulses in each 5 
packet). (See, FIGS. 3A-3K and 5A wherein the illustrative 
exemplary packets depict various characteristics (for 
example, a programmable number of pulses, pulse shapes, 
sequence, combination and/or spacing of charge and dis 
charge pulses, pulse widths and/or duty cycles)). The charge 
pulses and discharge pulses may be any shape (for example, 
rectangular, triangle, sinusoidal or square). (See, for example, 
FIGS. 10A-10D and 11A-11D). Moreover, the current or 
charge pulses may include charging and discharging pulses 
(each having fixed, programmable and/or controllable 
shapes, pulse widths and/or duty cycles). (See, for example, 
FIGS. 3C-3G). 

In addition, the packets may also include one or more rest 
periods having programmable or controllable durations. That 20 
is, each packet may include one or more rest periods wherein 
each rest period (if more than one) having a programmable 
and/or controllable temporal width/duration. (See, for 
example, FIGS. 6A and 7A). 

Notably, in one exemplary embodiment, the charge and/or 25 
discharge pulses of the packet are square shaped including a 
temporal duration of between about 1 ms and about 100 ms. 
and preferably less than 30 ms. (See, for example, FIGS. 7A 
and 7B). This exemplary packet includes one or two charge 
pulses and one discharge pulse (for example, 1:1, 2:1 and/or 30 
3:2 charge pulses to discharge pulses) wherein the amplitudes 
and duty cycles are programmable. (See, for example, FIGS. 
7A and 7B). Further, in this exemplary embodiment, each 
packet includes one rest period having a programmable and/ 
or controllable temporal width/length. In one exemplary 35 
embodiment, the intermediate rest period includes a temporal 
length or duration of between about 1 ms and about 20 ms. In 
addition, the rest period, in one exemplary embodiment, 
includes a temporal length or duration of between about 1 mS 
and about 200 ms. Notably, control circuitry 16 adapts the 40 
temporal width/length programmable rest periods (for 
example, the rest period (T,) in FIGS. 7A and 7B) based on 
or using data which is representative of the relaxation time of 
the battery/cell. 

Indeed, in operation, one. Some or all of the characteristics 45 
of the charge pulses and/or discharge pulses are program 
mable and/or controllable via charging circuitry 12 including, 
for example, the shape, amplitude and/or duration of the 
pulses. Moreover, the sequence of the charge and discharge 
pulses (within a packet) is programmable via charging cir- 50 
cuitry 12. For example, the discharge pulse may temporally 
precede the charge pulse and/or the packet may include more 
charge pulses than discharge pulses (for example, 2:1 or 3:2 
charge pulses to discharge pulses) or more discharge pulses 
than charge pulses (for example, 2:1 or 3:2 charge pulses to 55 
discharge pulses). 

Moreover, the amplitude of the charge and/or discharge 
pulses may vary within the packet (and is/are programmable 
and/or controllable via the control circuitry), the duration of 
the charge and/or discharge pulses may vary (and is/are pro- 60 
grammable and/or controllable via the control circuitry), and/ 
or the duration and/or timing of the rest period(s) may vary 
within the packet (and is/are programmable and/or control 
lable via the control circuitry). Again, the control circuitry 
may employ such programmable characteristics So that the 65 
change in Voltage at the terminals of the battery/cell in 
response to Such pulses is within a predetermined range. 
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As intimated herein, the control circuitry may manage, 

adjust, program, and/or control the amount of charge input 
into the battery/cell and/or the amount of charge removed 
from the battery/cell via the charging circuitry. For example, 
the amount of charge input into the battery/cell may be con 
trolled via adjusting, controlling and/or modifying character 
istics of the charge pulses (for example, pulse amplitude, 
pulse width/duration and pulse shape). Similarly, the amount 
of charge removed from the battery/cell may be controlled via 
adjusting, controlling and/or modifying characteristics of the 
discharge pulses (for example, pulse amplitude, pulse width/ 
duration and pulse shape). 

In addition thereto, or in lieu thereof, the control circuitry 
may manage, adjust, program, and/or control the ratio of the 
amount of charge input to the battery/cell to the amount of 
charge removed from the battery/cell, over time, via control 
of the charging circuitry. In one embodiment, the control 
circuitry adapts, adjusts and/or controls the ratio of charge 
packets (which input a certain or predetermined amount of 
charge into the battery/cell) to discharge packets (which 
remove a certain or predetermined amount of charge from the 
battery/cell). For example, the control may provide a ratio of 
between five and ten charge packets to discharge packets, and 
in a preferred embodiment the ratio is greater than ten. 

In addition thereto, or in lieu thereof, in another embodi 
ment, the control circuitry may adjust, program, and/or con 
trol the ratio on a per packet basis (i.e., charge packet and/or 
discharge packet). In this regard, the control circuitry adjusts, 
programs, and/or controls the amount of charge input per 
packet and the amount of charge removed per packet to pro 
vide, manage, adjust, program, and/or control the ratio of the 
amount of charge input to the battery/cell to the amount of 
charge removed from the battery/cell, over time. Thus, in this 
exemplary embodiment, the control circuitry adjusts, pro 
grams, and/or controls the ratio on a packet-by-packet basis 
via controlling the charging circuitry. 

Notably, a smaller ratio of the amount of charge input to the 
amount of charge removed will tend to lengthen the charge 
time to, for example, less than an optimal value. Under these 
circumstances, the charging technique is increasing cycle life 
via increasing charge time. However, as indicated herein, in 
certain aspects, the adaptive charging circuitry and tech 
niques of the present inventions may provide, enhance, con 
trol, optimize and/or adjust the charging profile to (i) mini 
mize and/or reduce total charging time and (ii) maximize 
and/or increase cycle life. As such, in certain embodiments, 
the adaptive charging circuitry and techniques of the present 
inventions may provide, enhance, control, optimize and/or 
adjust the charging profile to reduce the charging time with 
out managing, increasing and/or maximizing the cycle life of 
the battery/cell. Similarly, in certain embodiments, the adap 
tive charging circuitry and techniques of the present inven 
tions may provide, enhance, control, optimize and/or adjust 
the charging profile to increase the cycle life of the battery/ 
cell without managing, reducing and/or minimizing the 
charging time of the battery/cell. 

Thus, the characteristics of the charge pulses and/or dis 
charge pulses are programmable, controllable and deter 
mined by the control circuitry when implementing one or 
more of the adaptive charging techniques described and/or 
illustrated herein (charging techniques to adapt, adjust and/or 
control one or more characteristics of the charge or current 
applied to or injected into the battery/cell so that the change in 
voltage at the terminals of the battery/cell is within a prede 
termined range). 
The characteristics of consecutive charge and discharge 

packets may be repetitive. That is, the combination of charg 
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ing pulses, discharging pulses and rest periods may be repeti 
tive, which, in combination form a packet. Such packets of a 
charge or discharge signal may be repetitive. All combina 
tions or permutations of charging and discharging pulses are 
intended to fall within the scope of the inventions. 

Notably, Such charge signals and discharge signals may be 
repeated over a charging period. The control circuitry may 
control, adjust, calculate and/or vary one or more of the 
parameters or characteristics of the charging signals and/or 
discharging signals via controlling one or more of the con 
stituent packets including the charge pulses, discharging 
pulses and rest periods thereof. For example, the parameters 
or characteristics of the charging and/or discharging pulses of 
one or more packets of one or more charging and/or discharg 
ing signals, namely shape, durations and/or current ampli 
tudes of the pulses, may be adaptively modified as described 
herein to implement the adaptive charging algorithm or tech 
niques described herein. Indeed, in one embodiment, the 
duration of the charging signal may be from one millisecond 
to several seconds. Moreover, the duration of the discharging 
signal (in one embodiment) may be from one millisecond to 
a few hundreds of milliseconds. 

There are numerous permutations involving the amount of 
electrical charge added to the battery/cell during the charge or 
charging signal and the amount of charge removed during the 
discharging signal. All permutations are intended to fall 
within the scope of the present inventions. Notably, each 
permutation may result in a different relaxation period. More 
over, within each permutation, there exists a large number of 
sub-permutations that i) combine the characteristics of the 
charge or charging signals (for example, the duration, shape 
and/or amplitude of the charging signal), the product of which 
determines the amount of electrical charge added to the cell; 
and ii) combine the characteristics of the discharging signal 
(for example, the duration, shape and/or amplitude of the 
discharging signal), the product of which determines the 
amount of electrical charge removed from the cell; and iii) the 
length of time of the rest period. The characteristics of the 
charge or charging signals may differ from the characteristics 
of the discharging signals. That is, one or more of the dura 
tion, shape and/or amplitude of the charging signal may differ 
from one or more of the duration, shape and/or amplitude of 
the discharging signal. 
As stated herein, the SOC of a rechargeable battery/cell, for 

example, a lithium-ion battery/cell, is a parameter that is 
representative of and/or indicates the level of electrical charge 
available in the battery/cell. It may be characterized as a 
percentage of the nominal full charge rating of the battery/ 
cell, wherein a 100% SOC indicates that a battery/cell is fully 
charged and a 0% SOC indicates that the battery/cell is fully 
discharged. 

Notably, in one implementation, a current source is gated 
by a switch (which may be implemented via one or more 
transistors), and the terminal voltage of the battery/cell is 
monitored to determine a CPV of the battery/cell. In another 
implementation, circuitry of the charging circuitry is 
employed to generate a short charge or discharge pulse. For 
example, a laptop computer or Smartphone includes an inte 
grated charging circuit responsible for charging the battery. 
As mentioned herein, the charging integrated circuit may be 
directly controlled through a communication bus such as, for 
example, I2C or SMBus(R). 
As indicated herein, the monitoring circuitry monitors, 

senses, detects and/or samples (on an intermittent, continuous 
and/or periodic basis) characteristics of the battery/cell 
including, for example, the response of the battery/cell to one 
or more charge pulses, the terminal Voltages and the tempera 
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ture. In one embodiment, the monitoring circuitry includes a 
sensor to determine a Voltage (for example, a Voltmeter) 
and/or a sensor to determine a current (for example, a current 
meter). (See, for example, FIGS. 1D and 1E). In one embodi 
ment, the monitoring circuitry implements Kelvin-type mea 
Surement configurations in that little to no current is required 
to determine the voltage at the terminals of the battery/cell 
and the current through the battery/cell. Notably, the moni 
toring circuitry and techniques may be those described 
herein, now known or later developed, to acquire data 
employed by the control circuitry to adaptive the charging 
profile of the battery; all such monitoring circuitry and tech 
niques are intended to fall within the scope of the present 
inventions. 

In addition, as mentioned herein, the control circuitry 
acquires the data from the monitoring circuitry and, esti 
mates, calculates and/or measures a CPV (in response to a 
charge pulse) and/or a change in CPV in response to a plu 
rality of charge pulses of a plurality of packets and, if appro 
priate, adapts the charging process by controlling the opera 
tion of the charging circuitry. The present inventions may 
employ any control circuitry and charging circuitry whether 
that described herein, now known or later developed, to 
charge the battery/cell as well as adapt the charging process. 

Further, as noted herein, control circuitry may perform or 
execute one or more applications, routines, programs and/or 
data structures that implement particular methods, tech 
niques, tasks or operations described and illustrated herein. 
The functionality of the applications, routines or programs 
may be combined or distributed. In addition, the applications, 
routines or programs may be implementing by the control 
circuitry using any programming language whether now 
known or later developed, including, for example, assembly, 
FORTRAN, C, C++, and BASIC, whether compiled or 
uncompiled code: all of which are intended to fall within the 
Scope of the inventions. 

Moreover, monitoring circuitry and control circuitry may 
share circuitry with each other as well as with other elements. 
Moreover, such circuitry may be distributed among a plural 
ity of integrated circuits which may also perform one or more 
other operations, which may be separate and distinct from 
that described herein. 

Notably, at times, terms battery and cell have been 
employed interchangeably to mean an electrical storage 
device that may be electrically charged and discharged. Such 
a device may include a single electrical cell, or may include 
several cells electrically connected in series and/or parallel to 
form a battery of larger electrical capacity. It shall be noted 
that the embodiments for adaptive charging described herein 
shall apply to either cells or batteries, as a single unit or 
multiple units electrically configured into a larger battery 
pack. 

Notably, a “circuit” means, among other things, a single 
component (for example, electrical/electronic) or a multiplic 
ity of components (whether in integrated circuit form, dis 
crete form or otherwise), which are active and/or passive, and 
which are coupled together to provide or perform a desired 
operation. In addition, “circuitry’, means, among other 
things, a circuit (whether integrated or otherwise), a group of 
Such circuits, one or more processors, one or more state 
machines, one or more processors implementing software, 
one or more gate arrays, programmable gate arrays and/or 
field programmable gate arrays, or a combination of one or 
more circuits (whether integrated or otherwise), one or more 
state machines, one or more processors, one or more proces 
sors implementing software, one or more gate arrays, pro 
grammable gate arrays and/or field programmable gate 
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arrays. The term “data” means, among other things, a current 
or Voltage signal(s) (plural or singular) whether in an analog 
or a digital form, which may be a single bit (or the like) or 
multiple bits (or the like). 

It should be further noted that the various circuits and 
circuitry disclosed herein may be described using computer 
aided design tools and expressed (or represented), as data 
and/or instructions embodied in various computer-readable 
media, in terms of their behavioral, register transfer, logic 
component, transistor, layout geometries, and/or other char 
acteristics. Formats of files and other objects in which such 
circuit expressions may be implemented include, but are not 
limited to, formats Supporting behavioral languages such as 
C. Verilog, and HDL, formats Supporting register level 
description languages like RTL, and formats Supporting 
geometry description languages such as GDSII, GDSIII, 
GDSIV, CIF, MEBES and any other suitable formats and 
languages. Computer-readable media in which Such format 
ted data and/or instructions may be embodied include, but are 
not limited to, non-volatile storage media in various forms 
(e.g., optical, magnetic or semiconductor Storage media) and 
carrier waves that may be used to transfer such formatted data 
and/or instructions through wireless, optical, or wired signal 
ing media or any combination thereof. Examples of transfers 
of such formatted data and/or instructions by carrier waves 
include, but are not limited to, transfers (uploads, downloads, 
e-mail, etc.) over the Internet and/or other computer networks 
via one or more data transfer protocols (e.g., HTTP, FTP, 
SMTP, etc.). 

Indeed, when received within a computer system via one or 
more computer-readable media, Such data and/or instruction 
based expressions of the herein described circuits may be 
processed by a processing entity (e.g., one or more proces 
sors) within the computer system in conjunction with execu 
tion of one or more other computer programs including, with 
out limitation, net-list generation programs, place and route 
programs and the like, to generate a representation or image 
of a physical manifestation of such circuits. Such representa 
tion or image may thereafter be used in device fabrication, for 
example, by enabling generation of one or more masks that 
are used to form various components of the circuits in a 
fabrication process. 

Moreover, the various circuits and circuitry, as well as 
techniques, disclosed herein may be represented via simula 
tions using computer aided design and/or testing tools. The 
simulation of the charging circuitry, control circuitry and/or 
monitoring circuitry, and/or techniques implemented thereby, 
may be implemented by a computer system wherein charac 
teristics and operations of Such circuitry, and techniques 
implemented thereby, are imitated, replicated and/or pre 
dicted via a computer system. The present inventions are also 
directed to Such simulations of the inventive charging cir 
cuitry, control circuitry and/or monitoring circuitry, and/or 
techniques implemented thereby, and, as such, are intended to 
fall within the scope of the present inventions. The computer 
readable media corresponding to Such simulations and/or 
testing tools are also intended to fall within the scope of the 
present inventions. 

In the claims, charge pulse voltage (CPV) of the battery 
means a peak or Substantial peak Voltage, measured at the 
terminals of the battery/cell, which is in response to a charge 
pulse. Further, the term “battery' means an individual cell 
(which stores energy) and/or a plurality of cells arranged 
electrically in a series and/or parallel configuration. In addi 
tion, the terms “first,” “second, and the like, herein do not 
denote any order, quantity, or importance, but rather are used 
to distinguish one element from another. Moreover, the terms 
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“a” and “an herein do not denote a limitation of quantity, but 
rather denote the presence of at least one of the referenced 
item. 

What is claimed is: 
1. A method to adaptively charge a battery, wherein the 

battery includes at least two terminals, the method compris 
1ng: 

applying a charge signal to the terminals of the battery, 
wherein the charge signal includes a plurality of charge 
packets, wherein a first charge packet includes a first 
charge pulse; 

measuring a plurality of terminal Voltages which are in 
response to the first charge pulse, wherein each terminal 
voltage is a voltage between the terminals of the battery; 

determining a first charge pulse voltage (first CPV) of the 
battery, wherein the first CPV is a peak voltage which is 
in response to the first charge pulse: 

determining whether the first CPV of the battery is within 
a predetermined range or greater than a predetermined 
upper limit value, wherein the predetermined range and/ 
or the predetermined upper limit value changes during 
charging of the battery in accordance with changes in a 
state of charge of the battery; and 

adapting one or more characteristics of a second charge 
packet of the charge signal which temporally follows the 
first charge packet if the first CPV of the battery is 
outside the predetermined range or is greater than a 
predetermined upper limit value. 

2. The method of claim 1 wherein the predetermined range 
and/or the predetermined upper limit value changes in accor 
dance with changes in a state of health of the battery. 

3. The method of claim 1 wherein adapting one or more 
characteristics of the second charge packet includes changing 
the amplitude of at least a charge pulse of the second charge 
packet. 

4. The method of claim 1 wherein adapting one or more 
characteristics of the second charge packet includes changing 
the amplitude of at least a charge pulse of the second charge 
packet using data which is representative of the amount of the 
first CPV of the battery. 

5. The method of claim 1 wherein adapting one or more 
characteristics of the second charge packet includes changing 
the duration of at least a charge pulse of the second charge 
packet. 

6. The method of claim 1 further including: 
determining whether the first CPV of the battery is less than 

a predetermined lower limit value; and 
adapting one or more characteristics of the second charge 

packet if the first CPV of the battery is less than a 
predetermined upper limit value. 

7. The method of claim 1 wherein the second charge packet 
and the first charge packet are temporally Successive charge 
packets. 

8. The method of claim 1 further including: 
determining a second charge pulse Voltage (second CPV) 

of the battery, wherein the second CPV is a peak voltage 
which is in response to a second charge pulse of the 
charge signal; 

determining whether the second CPV of the battery is 
within a predetermined range or greater than a predeter 
mined upper limit value; and 

adapting one or more characteristics of a third charge 
packet of the charge signal which temporally follows the 
second charge packet if the second CPV of the battery is 
outside the predetermined range or is greater than a 
predetermined upper limit value, wherein: 
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the predetermined range and/or the predetermined upper 
limit value changes during charging of the battery in 
accordance with changes in a second state of charge of 
the battery. 

9. A method to adaptively charge a battery, wherein the 
battery includes at least two terminals, the method compris 
1ng: 

applying a charge signal to the terminals of the battery, 
wherein the charge signal includes a plurality of charge 
pulses including a first charge pulse and a second charge 
pulse: 

measuring a plurality of terminal Voltages which are in 
response to the first and second charge pulses, wherein 
each terminal Voltage is a Voltage between the terminals 
of the battery; 

determining a first charge pulse voltage (first CPV) of the 
battery, wherein the first CPV is a peak voltage which is 
in response to the first charge pulse; 

determining a second charge pulse Voltage (second CPV) 
of the battery, wherein the second CPV is a peak voltage 
which is in response to the second charge pulse: 

determining a change between the first CPV and the second 
CPV; and 

adapting one or more characteristics of a third charge pulse 
if the change between the first CPV and the second CPV 
is outside a predetermined range or is greater than a 
predetermined upper limit value, wherein the third 
charge pulse temporally follows the first and second 
charge pulses. 

10. The method of claim 9 wherein the predetermined 
range and/or the predetermined upper limit value changes 
during charging of the battery in accordance with changes in 
a state of charge of the battery or changes in accordance with 
changes in a state of health of the battery. 

11. The method of claim 9 wherein adapting one or more 
characteristics of the third charge pulse includes changing the 
amplitude of the third charge pulse. 

12. The method of claim 9 wherein adapting one or more 
characteristics of the third charge pulse includes changing the 
duration of the third charge pulse. 

13. The method of claim 9 wherein the first and second 
charge pulses are temporally sequential. 

14. The method of claim 9 wherein the first and second 
charge pulses are temporally non-sequential. 

15. An apparatus to adaptively charge a battery, wherein the 
battery includes at least two terminals, the apparatus compris 
1ng: 

charging circuitry, responsive to control signals, to gener 
ate a charge signal which is applied to the terminals of 
the battery, including a first charge pulse and a second 
charge pulse, wherein the first charge pulse temporally 
precedes the second charge pulse: 

measurement circuitry, coupled to the battery, to measure a 
plurality of voltages which are in response to the first 
charge pulse at the terminals of the battery; and 

control circuitry, coupled to the charging circuitry and the 
measuring circuitry, the control circuitry is configured 
tO: 

determine a first charge pulse voltage (first CPV) of the 
battery, wherein the first CPV is a peak voltage which 
is responsive to the first charge pulse: 

determine whether the first CPV of the battery is within 
a first predetermined range or greater than a first pre 
determined upper limit value: 

generate the one or more control signals to adapt one or 
more characteristics of the charge signal if the first 
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CPV is outside the first predetermined range or is 
greater than the first predetermined upper limit value; 

determine a second charge pulse Voltage (second CPV) 
of the battery, wherein the second CPV is a peak 
Voltage which is in response to a second charge pulse: 

determine whether the second CPV of the battery is 
within a second predetermined range or greater than a 
second predetermined upper limit value; and 

generate one or more additional control signals to adapt 
one or more characteristics of the charge signal if the 
second CPV is outside the second predetermined 
range or is greater than the second predetermined 
upper limit value, wherein the first predetermined 
range and the first predetermined upper limit value 
correspond to a first state of charge (SOC) of the 
battery and the second predetermined range and the 
second predetermined upper limit value correspond to 
a second SOC of the battery. 

16. The apparatus of claim 15 wherein the control circuitry 
includes peak voltage detector circuitry to determine the first 
CPV. 

17. The apparatus of claim 15 wherein the first predeter 
mined range and the first predetermined upper limit value 
change during charging of the battery in accordance with 
changes in a state of charge of the battery and wherein the first 
predetermined range and the first predetermined upper limit 
value correspond to a first SOC of the battery. 

18. The apparatus of claim 15 wherein, in response to the 
control signals, the charging circuitry changes the amplitude 
of at least a charge pulse of the charge signal. 

19. The apparatus of claim 15 wherein the control circuitry 
is further configured to: 

determine whether the first CPV of the battery is less than 
a predetermined lower limit value; and 

generate the one or more control signals to adapt one or 
more characteristics of a charge pulse of the charge 
signal if the first CPV is less than a predetermined upper 
limit value. 

20. An apparatus to adaptively charge a battery, wherein the 
battery includes at least two terminals, the apparatus compris 
1ng: 

charging circuitry, responsive to control signals, to gener 
ate a charge signal which is applied to the terminals of 
the battery to charge the battery, wherein the charge 
signal includes a plurality of charge pulses including a 
first charge pulse and a second charge pulse, wherein the 
first charge pulse temporally follows the second charge 
pulse: 

measurement circuitry, coupled to the battery, to measure a 
plurality of voltages at the terminals of the battery, 
including Voltages which are in response to the first and 
second charge pulses; and 

control circuitry, coupled to the charging circuitry and the 
measuring circuitry, the control circuitry is configured 
tO: 

determine a first charge pulse voltage (first CPV) of the 
battery, wherein the first CPV is a peak voltage which 
is responsive to the first charge pulse: 

determine a second charge pulse Voltage (second CPV) 
of the battery, wherein the second CPV is a peak 
Voltage which is responsive to the second charge 
pulse; 

determine a change between the first CPV and the sec 
ond CPV; and 

generate the one or more control signals to adapt one or 
more characteristics of a third charge pulse if the 
change between the first CPV and the second CPV is 
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outside a predetermined range or is greater than a 
predetermined upper limit value, wherein the third 
charge pulse temporally follows the first and second 
charge pulses. 

21. The apparatus of claim 20 wherein the predetermined 
range and/or the predetermined upper limit value changes 
during charging of the battery in accordance with changes in 
a state of charge of the battery. 

22. The apparatus of claim 20 wherein the predetermined 
range and/or the predetermined upper limit value changes in 
accordance with changes in a state of health of the battery. 

23. The apparatus of claim 20 wherein the one or more 
control signals adapt the amplitude and/or the duration of the 
third charge pulse. 

24. The apparatus of claim 20 wherein the first and second 
charge pulses are temporally sequential. 

25. The apparatus of claim 20 wherein the first and second 
charge pulses are temporally non-sequential. 
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